An anonymized dataset will be available on the Open Science Framework (<https://osf.io/ypue4/?view_only=ce9f97af0e3149c28942a43499eafd32>) after publication.

Introduction {#sec001}
============

"Learn from your mistakes" is an old saying that (grand)parents teach their children. This goes back to the premise that making mistakes is associated with learning. Noticing your mistakes is an example of monitoring your cognition. This monitoring of cognition is a facet of metacognition, a concept first introduced by Flavell \[[@pone.0229932.ref001]\]. One critical component of metacognition is procedural metacognition. This is a self-reflecting, higher-order cognitive process, which indicates how people monitor and control their cognition during ongoing cognitive processes \[[@pone.0229932.ref002],[@pone.0229932.ref003]\]. Metacognitive monitoring is an important aspect of procedural metacognition and is defined as the subjective self-assessment of how well a cognitive task will be/is/has been performed \[[@pone.0229932.ref003],[@pone.0229932.ref004]\].

Two recent studies found evidence for metacognitive monitoring (i.e., reflecting procedural metacognition) as an important predictor of arithmetic achievement \[[@pone.0229932.ref005],[@pone.0229932.ref006]\]. To determine the role of metacognitive monitoring, these authors asked children on a trial-by-trial basis to report their judgement of the accuracy of their answers during an arithmetic task. Both studies found that successful appraisal of the accuracy of one's arithmetic judgement is a powerful predictor of arithmetic performance in primary school children. To date, however, it is unclear whether the results regarding the strength of the role of metacognitive monitoring in arithmetic are specific to the arithmetic domain, or whether they are reflective of a more general role of metacognitive monitoring in academic performance; an outstanding question on which this study will focus.

Metacognition has been regarded as a fundamental skill influencing cognitive performance and learning in domains as diverse as arithmetic, memory, reading, perception, and many others (e.g., \[[@pone.0229932.ref006]--[@pone.0229932.ref018]\]). The importance of metacognition that was found in existing research in different (cognitive) domains is not surprising, as metacognitive aspects, such as knowing the limits of your own knowledge and being able to regulate that knowledge, are essential components of self-regulated and successful learning \[[@pone.0229932.ref016]\], enabling learners to improve their cognitive achievements. For example, good metacognition allows learners to correctly allocate study-time, check answers when they feel unsure about the correctness of the answer or provide a learning moment when an error is detected. Besides being considered a global ability playing a role in a large range of domains, metacognition, and consequently metacognitive monitoring, is usually considered to be a domain-general cognitive process that is correlated across content domains. This suggests that people who are good at evaluating their performance for one task, also tend to be good at evaluating their performance for another task (e.g., \[[@pone.0229932.ref019],[@pone.0229932.ref020]\]). There is, however, evidence suggesting that this domain-generality only emerges over development. Geurten and colleagues \[[@pone.0229932.ref019]\] recently observed that metacognition is first domain-specific and then generalizes across domains as children mature. They found a gradual shift from domain-specific towards domain-general metacognition across the arithmetic and memory domains in children aged between 8 and 13. In adults, more evidence for the domain-generality has been observed. Veenman and colleagues \[[@pone.0229932.ref021]\] and Schraw and colleagues \[[@pone.0229932.ref020],[@pone.0229932.ref022]\] found that metacognitive measures are correlated across unrelated (cognitive) tasks. More specifically, Schraw and colleagues \[[@pone.0229932.ref020]\] found significant correlations between metacognitive measures across eight different domains ranging from historic knowledge to knowledge of caloric values of food. This domain-general hypothesis in adults is also supported by brain imaging data that show that adults' metacognitive abilities for different types of tasks partially depend on common neural structures, such as the prefrontal cortex \[[@pone.0229932.ref023]\] and precuneus \[[@pone.0229932.ref024]\].

However, domain-specific knowledge and skills also seem to be important for metacognitive monitoring. For example, in young children (ages 5 to 8 years), Vo and colleagues \[[@pone.0229932.ref025]\] showed that metacognition in the numerical domain was unrelated to metacognition in the emotional domain, suggesting young children's metacognition is domain-specific. Based on their empirical findings, Schraw and colleagues \[[@pone.0229932.ref020]\] suggested that in adults metacognitive monitoring within a specific domain is governed by general metacognitive processes in addition to domain-specific knowledge. Löffler, Von Der Linden and Schneider \[[@pone.0229932.ref026]\] documented a twofold effect of expertise on monitoring in soccer: Although domain-specific knowledge enhances monitoring performance in some situations, more optimistic estimates (presumably due to the application of a familiarity heuristic) typically reduce monitoring accuracy in experts. Likewise, in mathematics, metacognitive monitoring has been found to be a function of domain-specific ability (e.g., \[[@pone.0229932.ref027],[@pone.0229932.ref028]\]). Taken together, the existing research also illustrates the importance of domain-specific knowledge and skills for metacognitive monitoring.

This issue of domain-specificity is a longstanding debate within the metacognitive literature (e.g., \[[@pone.0229932.ref019]--[@pone.0229932.ref022],[@pone.0229932.ref029]\]), both on the behavioural and brain-imaging level. Yet, in children, the results are scarce and rather inconclusive, with different results for various age groups as well as metacognitive measures.

Firstly, age-related differences in the results on domain-specificity of metacognition in children are not surprising, as a critical development in monitoring is observed during early to late childhood (e.g., \[[@pone.0229932.ref019],[@pone.0229932.ref030]\]). For example, in (early) primary school, metacognitive monitoring accuracy is found to increase (e.g., \[[@pone.0229932.ref030]--[@pone.0229932.ref035]\]). In the same developmental time period of these age-related improvements in monitoring of cognition, there are also important age-related improvements in academic skills, such as arithmetic and spelling. The age-related metacognitive improvements are recognized to underlie several aspects of cognitive development in various domains (e.g., improvements in accuracy; e.g., \[[@pone.0229932.ref030]\]). Furthermore, based on their empirical findings, Geurten and colleagues \[[@pone.0229932.ref019]\] conclude that a gradual shift toward domain-general metacognition occurs in children between 8 and 13 years, and that metacognition is no more bound by task content and domain knowledge after the age of 10. Against this background and to thoroughly investigate the domain-specificity question in children, the current research specifically recruited 8--9 year-olds (third grade; Study 1) and 7--8 year-olds (second grade; Study 2), who are in the middle of this important developmental period for both metacognitive monitoring and academic skills.

Secondly, the different results on domain-specificity of metacognition in children for different metacognitive measures may in part be due to different aspects of metacognition being investigated. Metacognition includes both declarative and procedural metacognition. As metacognition encompasses different aspects, it is not surprising that these different aspects of metacognition follow different developmental paths \[[@pone.0229932.ref034]\] and that they are differently associated with domain-specific knowledge and skills. A recent study by Bellon and colleagues \[[@pone.0229932.ref005]\], for example, found that within-domain metacognitive monitoring was associated with arithmetic performance, while declarative metacognitive knowledge was not. The authors suggest this might indicate that children's metacognition is more domain-specific than it is domain-general. Yet, the authors based their suggestion on results on different aspects of metacognition, which were measured fundamentally differently (i.e., online, trial-by-trial reports for metacognitive monitoring vs. general questionnaire for declarative metacognitive knowledge), making testing the domain-specificity hypothesis as well as making strong claims about domain-specificity of metacognition troublesome.

To overcome these issues, the current research specifically focused on the monitoring aspect of metacognition. Extending the existing body of data, we included, in addition to the metacognitive monitoring measure in arithmetic, the same metacognitive monitoring measure in another domain of academic learning, i.e., spelling. By including metacognitive monitoring measures in two domains, and, importantly, by using the exact same paradigm to measure it, the current study was able to investigate the question of domain-specificity more thoroughly. The paradigm to measure metacognitive monitoring was the same as in Bellon et al. \[[@pone.0229932.ref005]\] and Rinne and Mazzocco \[[@pone.0229932.ref006]\]. Spelling was included as a second domain to maximize the comparability of the two tasks in which metacognitive monitoring was measured. Arithmetic and spelling are quintessential domains in primary school and in both domains primary school children go through crucial developmental steps. Based on the children's curriculum, we were able to select age-appropriate items. This allowed us to thoroughly investigate whether the results on the role of metacognitive monitoring in arithmetic are specific to the arithmetic domain or not.

Based on the outstanding issues outlined above, this study aims to extend and deepen our knowledge on the domain-specificity of the role of metacognition in different academic domains in middle childhood. Specifically, this study will investigate whether metacognitive monitoring is domain-specific or not by investigating (a) the associations between within-domain metacognitive monitoring and arithmetic and spelling; (b) whether metacognitive monitoring in one domain is associated with and/or predicted by metacognitive monitoring in the other domain; (c) whether performance in one domain is associated with and/or predicted by metacognitive monitoring in the other domain, and (d) these questions in two different age groups in primary school to fully grasp potential transitional periods in the domain-specificity of metacognitive monitoring.

If, on the one hand, metacognition is highly domain-general, then metacognitive monitoring in the arithmetic and spelling tasks will be correlated and predictive of each other, even when controlled for academic performance--as arithmetic and spelling are highly related domains; and metacognitive monitoring in one domain will be associated with and predicts academic performance in the other domain. If, on the other hand, metacognition is highly domain-specific, then the associations described above will be non-significant (frequentist statistics) and Bayes factors will be close to zero (Bayesian statistics; see below). These questions are investigated in two different age groups for which, based on the existing literature, different predictions can be made on the extent to which metacognitive monitoring is domain-general. By selecting participants in these two age groups, we aimed to capture an important period in the development of (domain-generality of) metacognitive monitoring. In Study 1, we investigated these questions in 8-9-year-olds, for which domain-generality of metacognitive monitoring was predicted (third grade). Study 2 investigated these questions in younger children, namely 7-8-year-olds, for which more domain-specificity of metacognitive monitoring was predicted (second grade).

Study 1: Metacognitive monitoring in arithmetic and spelling in 8-9-year-olds (third grade) {#sec002}
===========================================================================================

Methods {#sec003}
-------

### Participants {#sec004}

Participants were 147 typically developing Flemish 8--9 year-olds (third grade; 69 girls; M~age~ = 8 years, 10 months; SD = 3 months; \[8 years 4 months---9 years 4 months\]), without a diagnosis of a developmental disorder, and who came from a dominantly middle-to-high socio-economic background. This study was approved by the social and societal ethics committee of KU Leuven. For every participant, written informed parental consent was obtained.

### Procedure {#sec005}

All participants participated in four test sessions, which took place at their own school during regular school hours. They all completed the tasks in the same order. In the context of a larger project, all children first participated in an individual session of which the data are not included in the current manuscript. Second, a session in small groups of eight children took place, including the computerized spelling task and motor speed task. Third, a second session in small groups took place, including the computerized arithmetic task and motor speed tasks. Fourth, in a group session in the classroom, the standardized arithmetic and spelling tests and the test of intellectual ability were administered. Sessions were separated by one to three days on average; they were never adjacent. Below we describe the key variables and control variables used to answer our research questions. The full cognitive testing battery is posted on the Open Science Framework (OSF) page of this project (<https://osf.io/ypue4/?view_only=ce9f97af0e3149c28942a43499eafd32>).

### Materials {#sec006}

Materials consisted of written standardized tests and computer tasks designed with Open Sesame \[[@pone.0229932.ref036]\]. Arithmetic and spelling skills were assessed with both a custom computerized task and a standardized test (i.e., Arithmetic: Tempo Test Arithmetic \[[@pone.0229932.ref037]\]; Spelling: standardized dictation \[[@pone.0229932.ref038]\]). The computerized tasks for arithmetic and spelling were specifically designed to be as similar as possible, to minimize the possibility that the results on domain-specificity of metacognition were due to differences in paradigm. Both tasks were multiple choice tasks with specifically selected age-appropriate items (i.e., single digit addition and multiplication for arithmetic; three specific Dutch spelling rules for spelling). After a first introductory block, in the second block of each task, participants had to report their judgment on the accuracy of their academic answer after each trial, using the same metacognitive monitoring measure in both tasks.

### Arithmetic {#sec007}

*Custom computerized arithmetic task*. This single-digit task included addition and multiplication items, and comprised all combinations of the numbers 2 to 9 (*n* = 36). The task consisted of two blocks, i.e., one introductory block without (*n* = 12) and one with (*n* = 60) a metacognitive monitoring measure (see below). Stimuli were pseudo-randomly divided into the two blocks and children were given a short break between blocks. Each block was preceded by four practice trials to familiarize the child with the task requirements. Performance on the practice items was not included in the performance measures. In both blocks, addition items were presented first (*n* = 6 in the first block; *n* = 30 in the second block). After a short instruction slide indicating multiplication items would follow, the multiplication items were presented (*n* = 6 in the first block; *n* = 30 in the second block). The position of the numerically largest operand was balanced. Each item was presented with two possible solutions, one on the left and one on the right side of the screen. In half of the items, the correct solution was presented on the left side of the screen. Incorrect solutions for the addition items were created by adding or subtracting 1 or 2 to the solution (*n* = 7 for every category), or by using the answer to the corresponding multiplication item (e.g., 6 + 3 with incorrect solution 18; *n* = 8). The incorrect solutions for the multiplication items were table related, i.e., solution -1 or +1 one of the operands (e.g., 6 × 3 = 24; *n* = 7 for every category), or the answer to the corresponding addition (e.g., 8 × 2 = 10; *n* = 8). Each trial started with a 250 ms fixation point in the centre of the screen and after 750 ms the stimulus appeared in white on a black background. The stimuli remained visible until response. The children had to indicate which of the presented solutions for the problem was correct (by pressing the corresponding key). The response time and answer were registered via the computer. Performance measures were both accuracy and the response time for correct answers in the second block (*n* = 60).

*Standardized arithmetic task*. Arithmetic fluency was assessed by the Tempo Test Arithmetic (TTA; \[[@pone.0229932.ref037]\]); a standardized pen-and-paper test of arithmetical fluency, which comprises five columns of arithmetic items (one column per operation and a mixed column), each increasing in difficulty. Participants got one minute per column to provide as many correct answers as possible. The performance measure was the total number of correctly solved items within the given time (i.e., total score over the five columns).

### Spelling {#sec008}

*Custom computerized spelling task*. Spelling performance was measured with a computerized task consisting of two blocks, i.e., one introductory block without (*n* = 12) and one with (*n* = 60) a metacognitive monitoring measure (see below). Stimuli were pseudo-randomly divided into the two blocks and children were given a short break between blocks. Each block was preceded by six practice trials to familiarize the child with the task requirements. Performance on the practice items was not included in the performance measures. The items consisted of a Dutch word with a missing part, that was replaced by an underscore (e.g., 'ko_ie' for 'koffie'), presented with two possible solutions, one on the left and one on the right side of the screen. We used three specific Dutch spelling rules, which were the focus of spelling instruction at the participants' age. Firstly, the rule of open and closed syllables was used, on the basis of which one can figure out if one or two vowels or consonants have to be written. Secondly, the extension rule was used, on the basis of which one can figure out if words with a \[t\] sound at the end of the word are written with a 't' or a 'd'. To correctly spell these two types of words, children can either use these rules, or when they have extensive experience with these words, retrieve the correct spelling from their memory. Flemish third graders have the most experience with the extension rule, and are in the learning phase for the open and closed syllables rule. Stepwise, they go from learning the rule and using the procedure to spell the words, towards automatization of the correct spelling and thus retrieving it from memory. This spelling development is analogous to arithmetic development in third grade (i.e., from procedure use to retrieval). A third category of words was added for which no rule is available, but only retrieval from long-term memory is possible (i.e., au/ou-words; ei/ij-words). The diphthongs in these words have the same pronunciation, but are spelt differently (e.g., 'r*ei*s' vs. 'w*ij*s' have both the \[ɛi\] sound)--there is no rule to determine whether one or the other diphthong should be used and children have to learn this by heart. All items were selected from curriculum-based glossaries. Incorrect solutions were created by using the related distractor (*n* = 14 for each category), namely one or two vowels or consonants for the open and closed syllables rule (e.g., koffie: 'ko_ie' with options 'f' or 'ff'), 't' or 'd' for the extension rule (e.g., kast: 'kas\_' with options 't' or 'd'), and the related diphthong for the to-be-retrieved words (e.g., konijn: 'kon_n' with options 'ei' or 'ij'). In half of the items, the correct solution was presented on the left side of the screen. Each trial started with a 250 ms fixation point in the centre of the screen and after 750 ms children were presented on audiotape with the word. Then, the visual stimulus appeared in white on a black background. The stimuli remained visible until response. The children had to indicate which of the presented solutions for the problem was correct (by pressing the corresponding key; i.e., left/right key). The response time and answer were registered via the computer. Performance measures were both accuracy and the response time for correct answers in the second block (*n* = 60).

*Standardized spelling task*. Spelling ability was also measured with a standardized dictation \[[@pone.0229932.ref038]\]. We administered the subtest for children at the end of third grade, which includes age-appropriate, curriculum-based items. The experimenter read aloud 43 sentences and the participants had to write one word down that was repeated two times after the sentence was read. The performance measure was the total number of correctly written words.

### Metacognitive monitoring {#sec009}

In the second block of the arithmetic and the spelling task (*n* = 60 for each task), a metacognitive monitoring measure was added to the items. Children had to report their judgment on the accuracy of their answer to the item on a trial-by-trial basis (e.g., \[[@pone.0229932.ref005],[@pone.0229932.ref006]\]). After giving their answer to the arithmetic/spelling problem, children had to indicate if they thought their answer was *Correct*, *Incorrect*, or if they *Did not know*. We used emoticons in combination with the options (e.g., ☺ and *Correct*) to make the task more attractive and feasible for children ([Fig 1](#pone.0229932.g001){ref-type="fig"}). Children had to respond by pressing the key corresponding to their metacognitive judgment (i.e., indicated with corresponding emoticon stickers). Metacognitive monitoring skills were operationalised as calibration of this judgment (i.e., the alignment between one's judgment in the accuracy of their answer to a problem and the actual accuracy of the answer). Namely, a calibration score of 2 was obtained if their metacognitive judgment corresponded to their actual performance (i.e., metacognitively judged as *Correct* and indeed correct academic answer; metacognitively judged as *Incorrect* and indeed incorrect academic answer), a calibration score of 0 if their metacognitive judgement did not correspond to their actual performance (i.e., metacognitively judged as *Correct* and in fact incorrect academic answer; metacognitively judged as *Incorrect* and in fact correct academic answer), and a calibration score of 1 if children indicated they *Did not know* about their academic answer. The metacognitive monitoring score per child was the mean of all calibration scores (i.e., calibration score per arithmetic/spelling item; *n* = 60 per domain) and was calculated for each task separately. The higher the calibration scores, the better the metacognitive monitoring skills. To familiarize the children with the task, practice items were presented in each task.

![Example of metacognitive monitoring question after arithmetic/spelling item.](pone.0229932.g001){#pone.0229932.g001}

### Control variables {#sec010}

*Intellectual ability*. Intellectual ability was assessed through the Raven's Standard Progressive Matrices \[[@pone.0229932.ref039]\]. Children were given 60 multiple-choice items in which they had to complete a pattern. The performance measure was the number of correctly solved patterns.

*Motor speed*. A motor speed task was included as a control for children's response speed on the keyboard \[[@pone.0229932.ref005]\]. Two shapes were simultaneously presented on either side of the screen and children had to indicate which of the two shapes was filled by pressing the corresponding key (i.e., left/right key). All shapes were similar in size and each shape occurred four times filled and four times non-filled, yielding 20 trials. The position of the filled shape was balanced. After fixation, stimuli appeared until response. Three practice trials were included to familiarize the children with the task. The performance measure was the average response time of correct responses.

### Data analysis {#sec011}

A comprehensive analyses plan was preregistered on the OSF page of this project (<https://osf.io/ypue4/?view_only=ce9f97af0e3149c28942a43499eafd32>). The key analyses to answer our research questions are presented below; the results of the remaining preregistered analyses can be found in the supplementary materials ([S1 File](#pone.0229932.s004){ref-type="supplementary-material"}).

We ran frequentist analyses using both uni- and multivariate techniques, as well as Bayesian analyses. Frequentist analyses allowed us to explore our data by means of a well-known method to gauge statistical support for the hypotheses of interest. Bayesian statistics allowed us to test the degree of support for a hypothesis (i.e., degree of strength of evidence in favour of or against any given hypothesis), expressed as the Bayes factor (BF; the ratio between the evidence in support of the alternative hypothesis over the null hypothesis (BF~10~)). Although Bayes factors provide a continuous measure of degree of evidence, there are some conventional approximate guidelines for interpretation (\[[@pone.0229932.ref040]\] for a classification scheme): BF~10~ = 1 provides no evidence either way, BF~10~ \> 1 anecdotal, BF~10~ \> 3 moderate, BF~10~ \> 10 strong, BF~10~ \> 30 very strong and BF~10~ \>100 decisive evidence for the alternative hypothesis; BF~10~ \< 1 anecdotal, BF~10~ \< 0.33 moderate, BF~10~ \< 0.10 strong, BF~10~ \< 0.03 very strong and BF~10~ \< 0.01 decisive evidence for the null hypothesis. By adding these Bayesian analyses, we deepened our findings from the traditional analyses, as we were able to identify evidence in favour of the null hypothesis, consequently, identify which hypothesis is most plausible (i.e., alternative hypothesis vs. null hypothesis) and which predictors are the strongest. This is particularly relevant for the current study because we can compare the strength of evidence in favour of the domain-general hypothesis (i.e., association between metacognitive monitoring measures in different domains; association between performance and metacognitive monitoring across domains) versus the domain-specific hypothesis (i.e., no association between metacognitive monitoring measures in different domains; no association between performance and metacognitive monitoring across domains).

To answer our research questions, we used correlation and regression analyses. For the Bayesian analyses, we used a default prior with prior width set to 1 for Pearson correlations and to .354 for the linear regression analyses. For Bayesian regressions, a BF~inclusion~ was calculated for every predictor in the model, which represents the change from prior to posterior odds (i.e., BF~10~), where the odds concern all the models with a predictor of interest to all models without that predictor (i.e., a Bayes factor for including a predictor averaged across the models under consideration).

As planned in the preregistration, we excluded a child's performance on a task if this performance was more than three standard deviations from the mean of the task (i.e., ≤ 3% of the data per task). Due to unforeseen circumstances during data collection (e.g., school bell ringing), we additionally excluded some data at the item level (i.e., \< 0.57% of items per task) that were considered to be measurement errors, i.e., when the data point was an outlier (i.e., more than three standard deviations from the mean) on both the item level (i.e., compared to the general mean of the item) and on the subject level (i.e., compared to the personal mean of the subject).

Results {#sec012}
-------

The descriptive statistics of all measures are presented in [S1 Appendix](#pone.0229932.s001){ref-type="supplementary-material"}. Additionally, Pearson correlation coefficients of all variables under study were calculated ([S2 Appendix](#pone.0229932.s002){ref-type="supplementary-material"}). Although not originally pre-registered, we additionally re-calculated all analyses below with chronological age as an additional control variable. Considering chronological age within grade in the analyses reported below did not change the interpretation of the results ([S3 Appendix](#pone.0229932.s003){ref-type="supplementary-material"}).

### The role of metacognitive monitoring in arithmetic and spelling performance {#sec013}

Pearson correlation coefficients of the associations between metacognitive monitoring and the academic skills are presented in [Table 1](#pone.0229932.t001){ref-type="table"}.

10.1371/journal.pone.0229932.t001

###### Correlation analyses of metacognitive monitoring and academic performance measures in 8-9-year-olds (Grade 3).

![](pone.0229932.t001){#pone.0229932.t001g}

                             Arithmetic   Spelling                            
  -------------------------- ------------ ---------- -------- -------- ------ --------
  Metacognitive Monitoring                                                    
  *Arithmetic*                                                                
  *r*                        .84          -.08       .38      .45      .11    .26
  *p*                        \<.001       .38        \<.001   \<.001   .20    .003
  BF~10~                     \>100        0.16       \>100    \>100    0.24   9.65
  *Spelling*                                                                  
  *r*                        .48          -.19       .33      .91      -.02   .66
  *p*                        \<.001       0.03       \<.001   \<.001   .79    \<.001
  BF~10~                     \>100        1.18       \>100    \>100    0.11   \>100

^a^ Controlled for intellectual ability.

^b^ Controlled for intellectual ability and motor speed on the keyboard.

Metacognitive monitoring in the arithmetic task (MM~arith~) was significantly correlated with arithmetic accuracy (Arithmetic~acc~) and the tempo test arithmetic (TTA), with Bayes factors indicating decisive evidence in favour of the associations, even when controlling for intellectual ability. There was no significant correlation with response time for correct arithmetic answers (Arithmetic~rt~) and the Bayes factor indicated moderate evidence in favour of no association.

Metacognitive monitoring in the spelling task (MM~spell~) was significantly correlated with spelling accuracy (Spelling~acc~) and dictation, with Bayes factors indicating decisive evidence in favour of the associations, even when controlling for intellectual ability. There was no significant correlation with response time for correct spelling answers (Spelling~rt~) and the Bayes factor indicated moderate evidence in favour of no association.

Based on the absence of significant (frequentist statistics) and supported (Bayesian statistics) associations with our response time performance measures (Arithmetic~rt~ and Spelling~rt~), and because these measures only take into account data for correct answers, losing important information on performance and possibly overestimating performance, the response time performance measures will not be considered in further analyses.

### Domain-specificity of the role of metacognitive monitoring {#sec014}

To examine domain-specificity of the role of metacognition, we first investigated the association between MM~arith~ and MM~spell~ with correlation and regression analyses. Specifically, we investigated whether MM~arith~ and MM~spell~ were correlated, even when controlling for intellectual ability and academic performance in both domains. Controlling for intellectual ability and performance in both standardized academic tasks was necessary, to make sure the observed associations between MM~arith~ and MM~spell~ were not (entirely) driven by their shared reliance on intellectual ability or by the high correlation between both academic domains.

Secondly, we studied the role of MM~spell~ in arithmetic performance and MM~arith~ in spelling performance with correlation and regression analyses. In other words, cross-domain correlations between academic performance in one domain and metacognitive monitoring in the other domain were calculated. As performance in the arithmetic and spelling tasks was highly correlated, the cross-domain associations of metacognitive monitoring and academic performance might rely on the correlation between the academic tasks. Therefore, we used regression models to investigate whether metacognitive monitoring in arithmetic uniquely predicted spelling performance on top of arithmetic performance, and vice versa.

In a final step, we investigated the unique contribution of cross-domain metacognitive monitoring to performance over within-domain metacognitive monitoring using regression models including metacognitive monitoring in both domains as predictors for academic performance.

*Associations between metacognitive monitoring in different domains*. MM~arith~ and MM~spell~ were significantly correlated, even when controlling for intellectual ability, and arithmetic and spelling performance on the standardized tasks (*r* = .42; *p* \< .001; BF~10~ \> 100). Regression analyses confirmed that metacognitive monitoring in one domain was uniquely predicted by metacognitive monitoring in the other domain, even when simultaneously considered with intellectual ability and performance on the standardized tasks in both academic domains (see [Table 2](#pone.0229932.t002){ref-type="table"}). Additional post-hoc analyses that were not preregistered indicated that the results were the same when including academic achievement as measured with accuracy in the computerized academic tasks instead of academic achievement as measured with the standardized academic tasks.

10.1371/journal.pone.0229932.t002

###### Regression analyses of MM~arith~ and MM~spell~ performance with metacognitive monitoring in the other domain and standardized task performance in both domains as predictors.

![](pone.0229932.t002){#pone.0229932.t002g}

  ---------------------- ----------- ------- -------- ---------------
                         MM~arith~                    
                         *β*         *t*     *p*      BF~inclusion~
  Intellectual ability   .16         2.12    .04      2.90
  TTA                    .26         3.62    \<.001   72.57
  Dictation              -.14        -1.50   .14      1.46
  MM~spell~              .51         5.26    \<.001   \>100
                         MM~spell~                    
                         *β*         *t*     *p*      BF~inclusion~
  Intellectual ability   .07         1.07    .29      0.38
  Dictation              .55         8.77    \<.001   \>100
  TTA                    .01         0.13    .90      0.25
  MM~arith~              .34         5.26    \<.001   \>100
  ---------------------- ----------- ------- -------- ---------------

*Cross-domain performance associations of metacognitive monitoring*. [Table 1](#pone.0229932.t001){ref-type="table"} shows cross-domain correlations between academic performance and metacognitive monitoring in the other domain. MM~arith~ was significantly correlated with both spelling performance measures (i.e., Spelling~acc~ and dictation), with a Bayes factor indicating moderate to decisive evidence. MM~spell~ was significantly correlated with both arithmetic performance measures (i.e., Arithmetic~acc~ and TTA), with a Bayes factor indicating decisive evidence.

We further investigated whether metacognitive monitoring in arithmetic uniquely predicted spelling performance on top of arithmetic performance; and vice versa. Namely, we predicted arithmetic performance based on MM~spell~ and dictation, and spelling performance based on MM~arith~ and TTA ([Table 3](#pone.0229932.t003){ref-type="table"}). These regression analyses showed that, even when performance in the academic domain was taken into account, metacognitive monitoring in that domain remained a significant and supported predictor of academic performance in the other domain (all *p*s \< .05; all BFs~10~ \>5).

10.1371/journal.pone.0229932.t003

###### Regression analyses of arithmetic performance (i.e., arithmetic~acc~ and TTA) and spelling performance (i.e., spelling~acc~ and dictation) with metacognitive monitoring in the other domain and standardized task performance in the other domain as predictors.

![](pone.0229932.t003){#pone.0229932.t003g}

  ----------- ----------------- ----------- -------- --------------- ----- ------ ------ ---------------
              Arithmetic                                                                 
              Arithmetic~acc~   TTA                                                      
              *β*               *t*         *p*      BF~inclusion~   *β*   *t*    *p*    BF~inclusion~
  MM~spell~   .54               5.18        \<.001   5.03            .24   2.11   .04    \>100
  Dictation   -.06              -.54        .59      2.07            .19   1.73   .09    0.37
              Spelling                                                                   
              Spelling~acc~     Dictation                                                
              *β*               *t*         *p*      BF~inclusion~   *β*   *t*    *p*    BF~inclusion~
  MM~arith~   .47               5.89        \<.001   \>100           .23   2.66   .009   10.84
  TTA         .12               1.46        .15      0.86            .25   2.95   .004   23.59
  ----------- ----------------- ----------- -------- --------------- ----- ------ ------ ---------------

When metacognitive monitoring scores in both domains were considered simultaneously to predict academic performance (using regression analyses), only the role of metacognitive monitoring within the domain itself remained significant (frequentist statistics) and supported (Bayesian statistics). Namely, when MM~arith~ and MM~spell~ were used to predict arithmetic performance, only MM~arith~ was a significant and supported predictor (Arithmetic~acc~: *p* \< .001; BF~inclusion~ \> 100; TTA: *p* = .001; BF~inclusion~ \> 100), not MM~spell~ (Arithmetic~acc~: *p* = .41; BF~inclusion~ = 0.18; TTA: *p* = .10; BF~inclusion~ = 1.36). On the other hand, when MM~arith~ and MM~spell~ were used to predict spelling performance, only MM~spell~ was a significant and supported predictor (Spelling~acc~: *p* \< .001; BF~inclusion~ \> 100; Dictation: *p* \< .001; BF~inclusion~ \> 100), not MM~arith~ (Spelling~acc~: *p* = .38; BF~inclusion~ = .06; Dictation: *p* = .61; BF~inclusion~ = .24).

Interim discussion {#sec015}
------------------

The results of Study 1 reveal that within-domain metacognitive monitoring was an important predictor of both arithmetic and spelling performance. Monitoring measures in both domains were highly correlated and predictive of one another, even after controlling for intellectual ability and performance on both academic tasks. Both monitoring measures correlated with performance in the other academic domain, ever after controlling for performance within the domain (e.g., significant correlation of MM~arith~ with spelling performance, controlled for arithmetic performance). When monitoring within the domain was added above monitoring across-domain, only monitoring within the domain remained a significant predictor of academic performance. Taken together, these results provide substantial evidence for domain-generality of metacognitive monitoring in academic domains in 8-9-year-olds, in addition to the importance of some degree of domain-specificity in monitoring skills.

These results leave the question of whether this domain-generality is the result of a shift (e.g., \[[@pone.0229932.ref019]\]) in early primary school unanswered. One possibility is that the 8-9-year-olds already went through an important transition regarding domain-generality of metacognitive monitoring, but that such domain-generality is not observed at younger ages. On the other hand, it is possible that no shift to domain-generality has occurred because also at a younger age, domain-generality can be observed. To test this, we additionally recruited a new sample of children that were one year younger, i.e. 7-8-year-olds (Study 2). The same research questions as in Study 1 were studied using the exact same paradigm. This allowed us to test whether domain-generality is already observed at younger ages or not.

Study 2: Metacognitive monitoring in arithmetic and spelling in 7-8-year-olds (second grade) {#sec016}
============================================================================================

Methods {#sec017}
-------

### Participants {#sec018}

Participants were 77 typically developing Flemish 7--8 year-olds (second grade; 49 girls; M~age~ = 7 years, 8 months; SD = 4 months; \[7 years 1 month---8 years 8 months\]), without a diagnosis of a developmental disorder, and who came from a dominantly middle-to-high socio-economic background. For every participant, written informed parental consent was obtained.

### Procedure {#sec019}

The procedure was the same as in Study 1.

### Materials {#sec020}

Materials were the same as in Study 1. The items in the custom arithmetic and spelling tasks were adapted from Study 1 to be age appropriate for second graders. Namely, for arithmetic, only single-digit addition was administered (*n* = 30); for spelling only two specific Dutch spelling rules were used (i.e., extension rule and to be retrieved words with diphthongs; *n* = 30). The standardized arithmetic task was exactly the same as in Study 1. As for the standardized dictation, we administered the subtest for children in the middle of second grade, which includes age-appropriate, curriculum-based items \[[@pone.0229932.ref038]\] (*n* = 42).

### Data analysis {#sec021}

For this follow-up study, we carried out the same analyses as preregistered for Study 1 (<https://osf.io/ypue4/?view_only=ce9f97af0e3149c28942a43499eafd32>). The same exclusion criteria for data as in Study 1 were applied. Less than 4% of the data per task was excluded as an outlier; less than 0.90% of the items per task were excluded as a measurement error.

Results {#sec022}
-------

The descriptive statistics of all measures are presented in [S1 Appendix](#pone.0229932.s001){ref-type="supplementary-material"}. Additionally, Pearson correlation coefficients of all variables under study were calculated ([S2 Appendix](#pone.0229932.s002){ref-type="supplementary-material"}). Although not originally pre-registered, we additionally re-calculated all analyses below with chronological age as an additional control variable. Considering chronological age within grade in the analyses reported below did not change the interpretation of the results ([S3 Appendix](#pone.0229932.s003){ref-type="supplementary-material"}).

### The role of metacognitive monitoring in arithmetic and spelling performance {#sec023}

Pearson correlation coefficients of the associations between metacognitive monitoring and the academic skills are presented in [Table 4](#pone.0229932.t004){ref-type="table"}.

10.1371/journal.pone.0229932.t004

###### Correlation analyses of metacognitive monitoring and academic performance measures in 7-8-year-olds (Grade 2).

![](pone.0229932.t004){#pone.0229932.t004g}

                             Arithmetic   Spelling                            
  -------------------------- ------------ ---------- -------- -------- ------ ------
  Metacognitive Monitoring                                                    
  *Arithmetic*                                                                
  *r*                        .74          .30        .47      .11      .06    .20
  *p*                        \<.001       .02        \<.001   .38      .66    .11
  BF~10~                     \>100        2.60       \>100    0.23     0.17   0.53
  *Spelling*                                                                  
  *r*                        .03          .11        .05      .89      .03    .32
  *p*                        .84          .40        .69      \<.001   .82    .01
  BF~10~                     0.16         0.11       0.17     \>100    0.16   4.12

^a^ Controlled for intellectual ability.

^b^ Controlled for intellectual ability and motor speed on the keyboard.

MM~arith~ was significantly correlated with all three arithmetic performance measures. Bayes factors indicate that the evidence for an association with Arithmetic~acc~ and the TTA is decisive, while there is only anecdotal evidence for an association with Arithmetic~rt~.

MM~spell~ was significantly correlated with both Spelling~acc~ and dictation, with Bayes factors indicating moderate to decisive evidence for an association. There was no significant correlation with Spelling~rt~ and the Bayes factor indicated moderate evidence in favour of no association.

Based on the same rationale as Study 1, the response time performance measures were not considered in further analyses.

### Domain-specificity of the role of metacognitive monitoring {#sec024}

MM~arith~ and MM~spell~ were not significantly correlated after controlling for intellectual ability (*r* = .14, *p* = .28). The Bayes factor indicated there was moderate evidence in favour for no association (BF~10~ = 0.28). Hence, further control analyses (i.e., in line with Study 1 in which the correlation between MM~arith~ and MM~spell~ was also controlled for performance on the TTA and Dictation) were not performed.

[Table 4](#pone.0229932.t004){ref-type="table"} shows cross-domain correlations between academic performance and metacognitive monitoring in the other domain. MM~arith~ was not significantly correlated with any of the spelling performance measures. Bayes factors indicated moderate evidence in favour of no association. MM~spell~ was not significantly related to any of the arithmetic measures. Bayes factors indicated anecdotal to moderate evidence in favour of no association.

Interim discussion {#sec025}
------------------

The results of Study 2 revealed that within-domain metacognitive monitoring was an important predictor of both arithmetic and spelling performance. Monitoring measures in both domains were not correlated, and both monitoring measures did not correlate with performance in the other academic domain. These results provide substantial evidence for domain-specificity of metacognitive monitoring in academic domains in 7-8-year-olds (second graders). No domain-general effect of metacognitive monitoring was observed, in contrast to the 8-9-year-olds (third grade children; Study 1).

General discussion {#sec026}
==================

Two recent studies found evidence for within-domain metacognitive monitoring as an important predictor of arithmetic \[[@pone.0229932.ref005],[@pone.0229932.ref006]\]. One outstanding question is whether these results regarding the role of metacognitive monitoring in arithmetic are specific to the arithmetic domain, or whether they are reflective of a more general role of metacognitive monitoring in academic performance. This study adds to the existing literature in an important way by (a) investigating metacognitive monitoring in two related, yet distinct academic domains, (b) studying whether monitoring in one domain was associated with and predictive of monitoring in the other domain (and vice versa), and (c) studying whether monitoring in one domain was associated with and predictive of performance in the other domain (and vice versa), and importantly by (d) doing this in two important age groups, namely children aged 8--9 (Study 1) and 7--8 (Study 2), who are in an important developmental phase for both academic performance and metacognition, using the exact same paradigm in both age groups and both domains.

Our results reveal that within-domain metacognitive monitoring was an important predictor of both arithmetic and spelling performance in both 8-9-year-olds (Study 1) and 7-8-year-olds (Study 2). Although metacognitive monitoring in arithmetic and spelling were highly correlated and predictive of one another in 8-9-year-olds (Study 1), they were not in younger 7-8-year-old children (Study 2). In 8-9-year-olds, but not in 7-8-year-olds, both monitoring measures correlated with performance in the other academic domain, even after controlling for performance within the domain (e.g., significant correlation of MM~arith~ with spelling performance, controlled for arithmetic performance). These results provide evidence for the emergence of domain-generality of metacognitive monitoring between second and third grade (i.e., 7-9-year-olds).

Our results nicely replicate associations between metacognitive monitoring and academic performance (e.g., \[[@pone.0229932.ref005],[@pone.0229932.ref006],[@pone.0229932.ref011],[@pone.0229932.ref041],[@pone.0229932.ref042]\]). Combining the data of both studies, we are able to confirm the theoretically assumed development of metacognition from highly domain- and situation-specific to more flexible and domain-general with practice and experience \[[@pone.0229932.ref043]\]. Our results regarding a possible underlying domain-general element of metacognitive monitoring in middle primary school children (8-9-year-olds) are in line with the existing literature in older ages and/or other domains (e.g., \[[@pone.0229932.ref019]--[@pone.0229932.ref021]\]). For example, Schraw and colleagues \[[@pone.0229932.ref020],[@pone.0229932.ref022]\] and Veenman and colleagues \[[@pone.0229932.ref021]\] found evidence for domain-generality of metacognitive monitoring in adults; Geurten et al. \[[@pone.0229932.ref019]\] observed a shift to domain-general metacognition between 8 and 13 across the arithmetic and memory domain. Our results also show the importance of domain-specific knowledge for metacognitive performance, as was previously found in non-academic domains (i.e., soccer) by for example Löffler and colleagues \[[@pone.0229932.ref026]\], in very young children by Vo and colleagues \[[@pone.0229932.ref025]\], and in 12-year-olds in mathematics by Lingel and colleagues \[[@pone.0229932.ref028]\]. Our results add to this body of research that, domain-generality of metacognitive monitoring emerges between the ages of 7-to-9, yet that domain-specific knowledge and skills remain important for metacognitive monitoring, even in highly related academic domains.

Schraw and colleagues \[[@pone.0229932.ref020]\] note that when performance is correlated among domains (i.e., as they were in Study 1), correlated metacognitive monitoring scores (i.e., as they were in Study 1) pose no serious threat to the assumption that monitoring is domain-specific. However, when they are correlated after removing the variation attributable to performance scores, as we did using partial correlations and regression analyses, this outcome cannot be explained on the basis of domain-specific knowledge and a domain-general argument needs to be invoked. As both monitoring performances remained significantly correlated after removing the variation attributable to performance scores, our results indicate that in 8-9-year-olds (Study 1) there might be an underlying domain-general element of metacognition within both metacognitive monitoring scores. This was not observed in 7-8-year-olds (Study 2). All in all, these results point to the emergence of domain-generality of metacognitive monitoring in between second (7--8 yo) and third (8--9 yo) grade of primary school.

Our results still provide some evidence for a domain-specific element of metacognitive monitoring in 8-9-year-olds. Although metacognitive monitoring across-domain was an important predictor of performance, the associations with monitoring within-domain were significantly larger than with monitoring across-domain. Once monitoring within a domain was considered, the predictive power of monitoring across-domain was no longer significant/supported. These results suggest the continuing importance of domain-specific knowledge and skills. This domain-specific element could explain the additional predictive power of monitoring within-domain in addition to metacognitive monitoring across-domain.

Based on the important role that metacognitive monitoring was found to have in arithmetic performance \[[@pone.0229932.ref005],[@pone.0229932.ref006]\], the current study investigated the domain-specificity question of metacognition by also including spelling performance. We deliberately included a different, yet correlated skill within the academic domain to thoroughly investigate the extent to which metacognition might be domain-specific. This is different from existing research, where the domain-specificity question was investigated in very distant domains. For example, Vo and colleagues \[[@pone.0229932.ref025]\] investigated domain-specificity in the numerical domain versus emotion discrimination. The use of spelling next to arithmetic made it possible to use the exact same paradigm to measure metacognitive monitoring and maximize the comparability of the two tasks. The fact that the computerized tasks for arithmetic and spelling were specifically designed to be as similar as possible, minimized the possibility that the results on domain-specificity of metacognition were due to differences in paradigms. By including standardized arithmetic and spelling tasks, which are not as similar to each other and measure performance in an ecologically valid way, we minimized the possibility that the results on domain-generality of metacognition were due to similarities in paradigms. While there is substantial evidence in the current studies for the emergence of domain-general metacognitive monitoring processes, the results also indicate that, even in highly related domains, domain-specific knowledge and skills are important for metacognitive monitoring in primary school children.

Although the custom arithmetic and spelling task were designed with age-appropriate items, a slight difference in task difficulty was present, with the computerized spelling tasks being more difficult than the arithmetic tasks. Schraw and colleagues \[[@pone.0229932.ref020]\] pointed out that task difficulty, as a characteristic of the test environment, might have an important influence on metacognitive monitoring. They found that, with different task difficulty levels, metacognitive monitoring in adults was mostly domain-specific, yet, once tests were matched on test characteristics, monitoring was mostly domain-general. To make sure our results were not influenced by this slight difference in task difficulty, we selected, post-hoc, a subset of items per task (*n* = 40 for Study 1; *n* = 20 for Study 2) that were matched on task difficulty (i.e., *t*-test comparing accuracy in arithmetic and spelling selection: Study 1: *t*(138) = 0.12, *p* = .91; Study 2: *t*(71) = 0.36, *p* = .72). These post-hoc exploratory results show that our findings on metacognitive monitoring and its specificity did not change when restricting the analyses to those items that were matched in task difficulty.

Performance measures of arithmetic and spelling were accuracy in the computerized tasks, and widely-used, standardized pen-and-paper tasks. As accuracy data were a fundamental part of our metacognitive monitoring scoring, in the interpretation of the results, the largest focus should be on the standardized measures, as metacognitive monitoring was measured independently from these measures. The computerized and the standardized tasks were both age-appropriate measures, yet the standardized tasks focused less on specific items of the curriculum (i.e., only single-digit arithmetic in the computerized arithmetic task; only specific Dutch spelling rules in the computerized spelling task), for which reason they were more wide-ranged and valid measures of children's arithmetic and spelling skills. The standardized tasks were the most ecologically valid measures, assessing arithmetic and spelling performance as they are assessed in the classroom. Including these standardized tasks in the design is an essential asset of this study compared to the existing literature (e.g., \[[@pone.0229932.ref005],[@pone.0229932.ref006]\]), as we were able to generalize our results from the role of metacognitive monitoring within the task, to within the domain, independently from the task in which monitoring was measured.

Although the driving mechanisms for the gradual development from domain-specificity to domain-generality of metacognitive monitoring cannot be determined on the basis of the current study, it is important to reflect on why metacognition shifts to being more domain-general around the ages 8--9. The existing literature offers some theoretical possibilities, albeit speculatively, that should be investigated in future research.

The development from more domain-specificity of metacognitive monitoring towards more domain-generality in this age group is likely reflective of a gradual transition that occurs in the development of primary school children (e.g., \[[@pone.0229932.ref033]\]). In early stages of this development, children's metacognitive monitoring might still be highly dependent on the (characteristics of the) specific stimuli, while over development, through experiences of failure and success, and with practice in assessing one's performance as well as in (academic) tasks, monitoring might become more generic. These hypotheses and our results can also be interpreted within the dual-process framework of metacognition (e.g., \[[@pone.0229932.ref044]--[@pone.0229932.ref046]\]), which Geurten et al. \[[@pone.0229932.ref019]\] used to interpret their findings. According to this dual-process framework of metacognition \[[@pone.0229932.ref044]--[@pone.0229932.ref046]\], metacognitive judgments can, on the one hand, be experience-based, i.e., based on fast and automatic inferences made from a variety of cues that reside from immediate feedback from the task and that are then heuristically used to guide decisions. As such, these metacognitive judgments are task-dependent and probably difficult to generalize across domains. On the other hand, metacognitive judgments can be information-based, i.e., based on conscious and deliberate inferences, in which various pieces of information retrieved from memory are consulted and weighted in order to reach an advised judgment. These conscious and effortful judgments are more likely to generalize to other domains. Taken together with the current results, this dual-processing model of metacognition may suggest that 7--8 year-old (second grade) children preferentially rely on automatic inferences when making judgments, while improvements of metacognitive abilities may enable 8--9 year-old children (third grade) to rely more often on conscious and deliberate information-based processes.

Another explanation for the gradual shift from domain-specificity to domain-generality of metacognition could be that this development might be associated with the development in other general cognitive functions, such as working memory capacity or intellectual ability. For example, Veenman and colleagues \[[@pone.0229932.ref047]\] found that metacognitive skills develop alongside, but not entirely as part of intellectual ability. Growth in these other general cognitive functions might enable a shift from domain-specificity to domain-generality of metacognition.

Finally, the development from domain-specificity towards domain-generality might also be driven by education, as teachers instruct children on assessing their own performance, which is at first very focussed on specific tasks. Over development, children might internalise this into a semantic network of their own abilities, which in turn might generalise to other tasks and thus become more general.

It is essential to note that none of the above-mentioned hypotheses can be empirically evaluated within the current study. The focus of the current study was on *whether* a development toward domain-generality in metacognitive monitoring occurs in primary school children, in related academic domains, and, secondly *when* this occurs. The question on *how*, i.e., what mechanisms lie behind this, and *why* this is the case at this age, are important questions for future research.

Future research should also examine the question of domain-specificity of metacognition longitudinally, investigating the potential shift from domain-specificity to domain-generality in the same group of primary school children. Such a research design will allow one to investigate the directions of the associations between metacognition and academic performance and how these associations evolve over time. Furthermore, brain-imaging research in children could be very useful to investigate the question of domain-specificity of metacognition, by, for example, testing whether metacognitive abilities for different types of tasks (partially) depend on common neural structures such as the prefrontal cortex, as has been observed in adults (e.g., \[[@pone.0229932.ref023]\]).

To conclude, the results of this study show that metacognitive monitoring of performance is an important predictor of academic skills in primary school children. While in young primary school children (7-8-year-olds), this process is domain-specific, in slightly older children (8-9-year-olds), this is a predominantly domain-general process, in which metacognitive monitoring of performance is an important predictor of academic skills independently of the academic task and domain it is measured in, even in highly related domains. Besides depending on domain-general metacognitive processes, metacognitive monitoring remains to be dependent of domain-specific performance and knowledge. Knowing whether metacognition is rather domain-specific or domain-general, and when domain-generality emerges, is of importance for educators, as this might impact on how they provide instructions in metacognitive monitoring, namely for each task or domain separately (i.e., domain-specific metacognition) or concurrently in different tasks and domains (expecting it to transfer to new domains; domain-general metacognition).
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Reviewers\' comments:

Reviewer \#1: The goal of this research was to investigate the domain specificity of metacognitive monitoring by examining the relation between metacognitive monitoring and performance across two academic domains, arithmetic and spelling, in 7- to 8- and 8- to 9-year-olds. The authors found that (a) as expected, metacognitive monitoring was correlated with performance within each domain in both age groups; (b) metacognitive monitoring in arithmetic was correlated with metacognitive monitoring in spelling only in 8-to 9-year-olds; and (c) metacognitive monitoring in one domain predicted performance in the other domain only in 8-to 9-year-olds. The authors concluded that metacognitive monitoring transitions from domain specific to domain general between 7 and 9 years of age.

Overall, the findings provided insights into the development of metacognitive monitoring in primary school children. However, there are several concerns as detailed below that should be addressed.

Major issues

Even though the study included two metacognitive monitoring measures (arithmetic and spelling), the authors often talked about them as if they are one variable, and this may cause confusions on which or both metacognitive monitoring predicted performance in arithmetic vs. spelling. For example, in the abstract, the authors stated that "Pre-registered analyses revealed that metacognitive monitoring was an important predictor of both arithmetic and spelling at both ages." In this case, I think the authors were referring to the predictive relation between metacognitive monitoring and performance within the domains of arithmetic and spelling respectively, but that's unclear from the sentence. An alternative interpretation is that metacognitive monitoring in general (as one variable) predicted arithmetic and spelling performance. Similar issues were present on page 7 line 11 ("(a) the associations between metacognitive monitoring and arithmetic and spelling"), on page 23 in interim discussion ("metacognitive monitoring was an important predictor of both arithmetic and spelling performance"), and on page 24 ("metacognitive monitoring was an important predictor of both arithmetic and spelling performance....")

In the introduction, the authors introduced two aspects of metacognition: declarative knowledge and procedural metacognition, proposed by Flavell (page 3). However, these two constructs were not clearly defined until page 6. Specifically, it is unclear what declarative knowledge is, how it is different from procedural metacognition, and which construct is studied in the cited papers. Moving the definitions and examples of these two constructs from page 6 to page 3, and be clearer about describing the metacognitive measures used in the cited studies would help resolve the confusions.

Components of metacognition were introduced in paragraph 2 of the introduction. However, it is difficult to imagine and differentiate these components of metacognition in the current writing. For instance, it is unclear what "regulating knowledge (introduction, paragraph 2, line 5)" would look like. What is an example of regulating knowledge? It is also unclear how "knowing the limits (line 4)" is different from "monitoring knowledge (line 5)". In this paragraph, the authors suggested that two components of metacognition are important for self-regulated and successful learning (lines 5-6). However, there seems to be three different components: knowing the limits, monitoring knowledge, and regulating knowledge. Providing examples and/or descriptions would help clarify these confusions.

On page 6, the authors suggested that there are distinctions between metacognitive monitoring and metacognitive control. However, it is unclear what metacognitive monitoring and metacognitive controls are, and how they are different. Furthermore, the authors referenced Bellon et al to support this distinction between monitoring vs. control, but Bellon et al focused on metacognitive monitoring and declarative metacognitive knowledge. Is declarative metacognitive knowledge an aspect of metacognitive control?

On page 7, the authors listed four points for research questions. However, it seemed that there were only two explicit predictions (i and ii) mapping onto research question (b) and (c). Research questions (a) and (d) did not have clear predictions associated with them. Aligning the research questions with their corresponding predictions would help make the paper easy to follow.

Authors predicted that metacognitive monitoring would be domain general in 8-9-year-olds and domain specific in 7-8-year-olds (page 8). Based on the introduction, it seemed that there is evidence supporting the first prediction (Geurten et al), but it is less clear why the authors believed metacognitive monitoring would be domain specific in the younger age group. Even though Vo et al provided preliminary support for the second prediction in 5- to 8-year-olds, the study was on two very different domains (numerical vs. emotion), thus it is unclear why the authors would think the same pattern of domain specificity would emerge in comparable academic domains (arithmetic vs. spelling).

The authors mentioned that there were four practice trials for each of the computer tasks (page 10 line 8), but it is unclear whether there were four practice trials for addition problems and four practice trials for multiplication problems, or there was a total of four practice trials in the arithmetic computer task. Were the practice trials in block 1, block 2, or both? Were the practice trials included in the accuracy and response time measures of task performance? Similar questions need to be addressed for the spelling task.

The BF cutoffs for the alternative hypothesis (page 14) were extremely helpful in guiding interpretations of the findings. Perhaps it would be helpful to provide BF cutoffs for null hypothesis as well. Based on the BF descriptions, BF seems to be the ratio of the evidence for alternative vs. null hypotheses, so is it correct to infer that a BF value between 1/10 and 1/3 suggests moderate support for null hypothesis (because 3\<bf\<10 alternative=\"\" for=\"\" hypothesis=\"\" moderate=\"\" provides=\"\" support=\"\" the=\"\"\>

The authors stated that they investigated the unique role of metacognitive monitoring in academic performance in the results section (page 17). Although this seemed to be related to the research question 3: whether performance in one domain is associated with and/or predicted by metacognitive monitoring in the other domain, the statement in the result section did not suggest cross domain prediction as stated in the introduction. Furthermore, the two models including both MMarith and MMspell as predictors of arithmetic and spelling performance respectively (page 19) were not mentioned prior to the reporting of the results. It may be helpful to outline the specific models in the methods or the beginning of the results section to help guide readers' expectation.

The authors utilized regressions to control for Intelligence, Dictation, and TTA when examining the association between MMarith and MMspell. I wonder why the accuracy on the two computer tasks were not controlled for in these regression models. Is it because of the high correlations between MM and accuracy on the computer tasks (rs\>.89), and the concern of collinearity in predictors? I think the high correlations between MM and accuracy raises another question on whether metacognitive monitoring is really different from performance. While I understand that the two constructs were measured differently, I wonder how much between-item variations there were on the MM questions within an individual. Because it seems that participants could take as long as they needed to choose their answer on the computer tasks, they could be highly accurate on the computer tasks (as suggested by accuracy especially for the arithmetic task), and responded "correct" on all MM questions. In this case, there were little to no variation in the MM questions so did the participants really calibrate their confidence based on their performance/knowledge or did they just blindly select "correct" on all MM questions?

The authors controlled for IQ, and the scores on TTA and Dictation when examining the correlation between MMarith and MMspell in 8-9-year olds, but only controlled for IQ when examining the correlation between MMarith and MMspell in 7-8-year olds. While I understand that the correlation between MMarith and MMspell in 7-8-year olds was already not significant when only controlling for IQ, it may still be helpful to be more explicit and consistent on the different analytic approaches for the two age groups.

Minor issues

"On one hand" should precede the phrase "On the other hand". If the first hand is not present, the second hand is not really "the other hand". The authors frequently use "on the other hand" without its preceding partner, "on one hand". (e.g., page 4 line 8, page 5 line 16, page 27 line 1, page 28 line 15) Please review the paper and adjust the phrasing.

The sentence "Materials consisted of standardized tests, paper-and-pencil tasks, and computer tasks.... (Page 9, Materials)" seemed to suggest that there were three types of tasks, and standardized tests were different from paper and pencil tasks. However, the standardized tests seemed to be the paper-and-pencil tasks. I would suggest rephrasing the sentence to "Materials consisted of standardized written tests and custom computer tasks...."

Although the authors stated that the computer tasks were arithmetic or spelling verification (page 9 line 8), the task descriptions suggested that the children were choosing the right answer (8+2 is 10 or 16) rather than verifying the answer (8+2=16, is the answer correct?). It would help avoid confusions by not characterizing them as verification tasks.

In tables 2 and 3, some ts and ps are in uppercase. I think they should all be lowercase.

Reviewer \#2: Review of "Metacognition across domains: Is the association between arithmetic and metacognitive monitoring domain-specific?"

The authors present the results from two nearly identical studies, one with third graders (ages 8-9) and one with second graders (ages 7-8). The children completed a computerized arithmetic task, a standardized arithmetic task, a computerized spelling task, and a standardized spelling task. During the computerized tasks, children also rated their certainty on a large portion of the items. Finally, children completed an IQ task and a motor fluency task as control variables.

In the third-grade sample, the authors provide evidence for domain-general metacognition. Monitoring scores in arithmetic were associated with arithmetic skills, spelling skills, and spelling monitoring scores. Also, monitoring scores in spelling were associated with spelling skills, arithmetic skills, and arithmetic monitoring scores. In contrast, in the second-grade sample, the authors provide evidence for domain-specific metacognition. Monitoring scores in arithmetic were only associated with arithmetic skills, but not with spelling skills or spelling monitoring scores. Also, monitoring scores in spelling were only associated with spelling skills, but not with arithmetic skills or arithmetic monitoring scores.

The reported paper has many strengths, including the use of two samples of different ages, monitoring data in multiple domains (arithmetic and spelling), and two different skills tests in each domain (one on which monitoring was also measured and one that was standardized). The analyses answer a critical question in the literature and make a novel contribution. The design is technically sound, the writing is clear, and the claims appear supported by the data.

I have several comments for the authors to consider.

First, the conclusions will be better supported if the authors provide additional potential explanations for the different results across ages. The current discussion highlights how their results are consistent with previous work. For example, they write, "we are able to confirm the theoretically assumed development of metacognition from highly domain- and situation specific to more flexible and domain-general with practice and experience." However, the current results suggest this may be tied to a fairly narrow time frame (between the ages of 7 and 9). Why does metacognition shift to being more domain-general? Why does this occur around ages 8 and 9? What kinds of practice and experience are theorized to be related to this shift? Additional insights into why this shift occurs around this age would help situate the novel empirical findings into the broader theoretical landscape of metacognition.

Second, I was a bit surprised that age was not featured in the analyses at all. For example, within each study, children's ages spanned a full year (e.g., ranging from 8 years, 4 months to 9 years, 4 months in Study 1). It seems reasonable to investigate whether age is correlated with the other metrics (e.g., arithmetic skills, metacognitive monitoring) and potentially control for any shared variance across them related to age. Also, an interesting aspect of the studies is that there is an overlap in children's ages across the studies, despite the children being in different grades. Specifically, it appears that some children in Study 1 and some children in Study 2 are between 8 years, 4 months and 8 years, 8 months. The authors may be able to provide additional insight into this metacognitive "shift" by potentially performing supplemental analyses on 8s vs. 9s in Study 1 and 7s vs. 8s in Study 2. I realize the authors pre-registered their analyses, which is 100% desirable and laudable, but also means any analyses with age would be considered exploratory or supplemental. I would encourage the authors to consider additional analyses with age in the models. At the very least, the authors should provide a justification in the paper for the reasons they opted not to include age in their tables and models.

Third, I was also a bit surprised by the lack of attention to characterizing children's metacognition more broadly at these ages. The authors provide basic descriptive statistics (means, standard deviation, and range) in the supplemental materials. In general, children's metacognitive monitoring seems to be quite good, with average calibration scores around 1.4 to 1.8 (out of 2). However, additional information could help shed light on how children are performing on this task. For example, regardless of their performance, how often do children think that they are correct vs. how often do children select that they do not know? Similarly, are average calibration scores higher on correct responses or incorrect responses? When children are "uncalibrated," is it more often because they are overconfident (thinking they are correct when actually wrong) or because they are underestimating their skills (thinking they are incorrect when actually right). Do these metrics vary by discipline? These findings would not change current conclusions about domain-specificity, but would provide additional contributions by better characterizing children's metacognitive monitoring on these tasks.

Fourth, on a very minor note, I found two pieces of the method section to be a bit confusing. First, when describing the procedure, the authors write, "The participants completed all tasks in the same order in an individual session, two sessions in small groups of eight children and a group session in the classroom." I assume this means each child participated in four sessions. Is this because some tasks needed to be assessed one-on-one and other tasks did not? I think it would help to clarify which tasks were administered in which sessions and to clarify the timing of these sessions (e.g., after the individual session, how many days later was the small group session? What time of the school year were these sessions? Etc.). Second, the authors describe the computerized arithmetic and computerized spelling tasks as "verification" tasks. This made me assume that a single problem/word was presented and the child had to verify (click yes or no) as to whether it was correct. However, in reality, the task included two simultaneous presentations of a problem/word, one that was correct and one that was incorrect. The child had to select the correct one. This is super minor, but it might be more appropriate to call it a selection task or recognition task rather than a verification task for ease of interpretation.

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Metacognition across domains: Is the association between arithmetic and metacognitive monitoring domain-specific?

Dear Editor and Reviewers,

We thank you for your careful reading and thoughtful comments on our manuscript. We appreciate the time and effort that you have dedicated to providing this valuable feedback. We have taken your comments into account in our revision, which resulted in a manuscript that is in our opinion clearer and more compelling. Please find below our point-by-point response to your comments and queries. To ease the identification of changes to the text in the revised manuscript, we have highlighted all changes by using coloured text. We look forward to hearing from you in due time regarding our submission and to respond to any further questions and comments you may have. We hope you will consider this manuscript for publication in PLOS ONE.

Responses to the Editor

Editor, general point

Thank you for submitting your manuscript to PLOS ONE. I have sent your manuscript to 2 expert Reviewers and have now received their feedback. As you can see from their comments (at the bottom of this email), both Reviewers found merit in your manuscript. Reviewer \#2 notably finds your manuscript well-written and methodologically sound, and I concur with this assessment. However, both Reviewers also point to issues that would need to be addressed before the manuscript can be considered for publication. Reviewer \#1 points to several concerns with the theoretical framework that would need to be addressed. Both Reviewers also raise some concerns about data analysis and interpretation. Notably, I agree with Reviewer \#2 that it would be informative to consider age in your analyses. Considering these comments, I would invite you to revise your manuscript and submit it for further consideration by the journal.

Author's response: We thank the Editor and the Reviewers for their positive evaluation of the manuscript and their constructive feedback on our theoretical framing and data-analysis. We agree that these were areas with room for improvement and we have revised the manuscript in accordance with these comments. Specifically, we addressed the concerns of Reviewer 1 regarding the theoretical framework (see Reviewer 1 points 1-5). We also considered age as a variable in the analyses (Reviewer 2, point 2) revealing that age was not correlated with any of the performance measures and that including chronological age in the analyses did not change the interpretation of the current results. In the remainder of this response letter, we provide a point-by-point response to all issues raised by the two Reviewers.

Responses to Reviewer 1

Reviewer 1, point 1

Even though the study included two metacognitive monitoring measures (arithmetic and spelling), the authors often talked about them as if they are one variable, and this may cause confusions on which or both metacognitive monitoring predicted performance in arithmetic vs. spelling. For example, in the abstract, the authors stated that "Pre-registered analyses revealed that metacognitive monitoring was an important predictor of both arithmetic and spelling at both ages." In this case, I think the authors were referring to the predictive relation between metacognitive monitoring and performance within the domains of arithmetic and spelling respectively, but that's unclear from the sentence. An alternative interpretation is that metacognitive monitoring in general (as one variable) predicted arithmetic and spelling performance. Similar issues were present on page 7 line 11 ("(a) the associations between metacognitive monitoring and arithmetic and spelling"), on page 23 in interim discussion ("metacognitive monitoring was an important predictor of both arithmetic and spelling performance"), and on page 24 ("metacognitive monitoring was an important predictor of both arithmetic and spelling performance....").

Author's response: We thank the Reviewer for highlighting this issue and apologize for being unclear on this matter. We have added the specification "within-domain metacognitive monitoring" in all these statements referred to by the Reviewer (i.e., abstract, pages 7, 23 and 24) to clarify that the statements indeed indicate the predictive relation between metacognitive monitoring and performance within the domain in which metacognitive monitoring was measured. In addition to having revised the wording of the sentences pointed to by the Reviewer in the abstract, on pages 7, 23 and 24, we have checked the entire manuscript for sentences which might have the same issue and adjusted these accordingly, i.e. on pages 6, 18, 20 and 25.

Reviewer 1, point 2

In the introduction, the authors introduced two aspects of metacognition: declarative knowledge and procedural metacognition, proposed by Flavell (page 3). However, these two constructs were not clearly defined until page 6. Specifically, it is unclear what declarative knowledge is, how it is different from procedural metacognition, and which construct is studied in the cited papers. Moving the definitions and examples of these two constructs from page 6 to page 3, and be clearer about describing the metacognitive measures used in the cited studies would help resolve the confusions.

Author's response: We fully agree with the Reviewer that it makes more sense to define the different aspects of metacognition in the beginning of the introduction, when they are first mentioned. Therefore, following the Reviewers suggestion, we moved the definitions originally stated on page 6, to page 3 to make this more clear for the reader. Following another point raised by the Reviewer (see Reviewer 1, point 4), we additionally focussed on the critical component that we investigated in our manuscript, i.e., metacognitive monitoring, by defining it in more detail in the first paragraph of the manuscript (i.e., "An important aspect of procedural metacognition is metacognitive monitoring, which is defined as the subjective self-assessment of how well a cognitive task will be/is/has been performed \[1,2\]"; see page 3). We agree with the Reviewer that this resulted in a more clear-cut introduction. On the other hand, we would like to point out that the distinction between declarative and procedural metacognition is and cannot always be carefully made in the different studies we are citing in the introduction. In an attempt to make the text as comprehensible as possible, we have clarified and included these distinctions wherever possible.

Reviewer 1, point 3

Components of metacognition were introduced in paragraph 2 of the introduction. However, it is difficult to imagine and differentiate these components of metacognition in the current writing. For instance, it is unclear what "regulating knowledge (introduction, paragraph 2, line 5)" would look like. What is an example of regulating knowledge? It is also unclear how "knowing the limits (line 4)" is different from "monitoring knowledge (line 5)". In this paragraph, the authors suggested that two components of metacognition are important for self-regulated and successful learning (lines 5-6). However, there seems to be three different components: knowing the limits, monitoring knowledge, and regulating knowledge. Providing examples and/or descriptions would help clarify these confusions.

Author's response: We entirely understand the concerns raised by the Reviewer and apologize for this ambiguous sentence. The aim of this sentence was not to echo the different aspects of metacognition defined earlier in the introduction, but to give examples of possible underlying mechanisms through which metacognition may play an important role in different (cognitive) domains. For example, the regulation of cognition refers to metacognitive activities that help to control one's thinking or learning. Different regulatory skills have been described in the literature, but it typically refers to three components: planning, monitoring, and evaluation \[3\]. An example of regulating knowledge referred to in the next sentence in the manuscript is "checking answers when one feels unsure about the correctness of the answer". We now see that the addition of "monitoring knowledge" on top of "regulating knowledge" in the original manuscript is confusing, as monitoring is an integral part of regulating knowledge. We fully agree that by adding the quantifier "two" (i.e., "two essential components") we made the interpretation of this sentence unnecessarily complicated. To make this sentence more clear, we have rephrased it (see below), making the connection more transparent between the examples of metacognitive aspects (i.e., knowing the limits of your knowledge and regulating that knowledge), self-regulated and successful learning in different domains and the examples given in the next sentence (e.g., allocating study time).

"The importance of metacognition that was found in existing research in different (cognitive) domains is not surprising, as metacognitive aspects such as knowing the limits of your own knowledge and being able to regulate that knowledge, are essential components of self-regulated and successful learning \[4\], enabling learners to improve their cognitive achievements. For example, good metacognition allows learners to correctly allocate study-time, check answers when they feel unsure about the correctness of the answer or provide a learning moment when an error is detected." (manuscript page 3-4)

Additionally, and in line with above and below mentioned comments by the Reviewer (see Reviewer 1, point 2 and Reviewer 1, point 4), we have now included the definitions of the different components of metacognition at the beginning of the manuscript, and added a more detailed definition of metacognitive monitoring in the first paragraph of the manuscript, such that these concepts are already introduced to the reader before the abovementioned paragraph 2.

Reviewer 1, point 4

On page 6, the authors suggested that there are distinctions between metacognitive monitoring and metacognitive control. However, it is unclear what metacognitive monitoring and metacognitive controls are, and how they are different. Furthermore, the authors referenced Bellon et al to support this distinction between monitoring vs. control, but Bellon et al focused on metacognitive monitoring and declarative metacognitive knowledge. Is declarative metacognitive knowledge an aspect of metacognitive control?

Author's response: Following the second point of the Reviewer (see Reviewer 1, point 2), we have now revised the paragraph on the definition of metacognition and its different aspects (i.e. paragraph 1, page 3 -- see below). This rearrangement additionally tackled the confusion concerning the reference to Bellon et al, which indeed does not investigate metacognitive control (i.e., an aspect of procedural metacognition), but focusses on declarative metacognition and metacognitive monitoring.

We completely agree that it causes confusion to name metacognitive control without further explaining it, and, importantly, without this being of interest in the remainder of the manuscript. Therefore, we have removed the sentence on the distinction between metacognitive monitoring and control (i.e., which was originally in the first paragraph of the introduction), and now focussed on the critical component we investigated in our manuscript, i.e., metacognitive monitoring. Additionally, we have defined metacognitive monitoring in more detail in the first paragraph of the manuscript. This resulted, in our opinion, in a more clear-cut introduction in which the focus is on the critical components of the current study. These are now also explained in more detail compared to the original manuscript.

Manuscript page 3, paragraph 1:

"... Noticing your mistakes, an example of monitoring your cognition, is a facet of metacognition, a concept first introduced by Flavell \[5\] as a broader concept that encompasses on the one hand declarative, metacognitive knowledge (i.e., the ability to assess one's own cognitive knowledge and ability, knowledge about cognition and learning) and on the other hand, procedural metacognition (i.e., self-reflecting, higher-order cognitive processes, in other words, how people monitor and control their cognition during ongoing cognitive processes) \[1,6\]. An important aspect of procedural metacognition is metacognitive monitoring, which is defined as the subjective self-assessment of how well a cognitive task will be/is/has been performed \[1,2\]."

Reviewer 1, point 5

On page 7, the authors listed four points for research questions. However, it seemed that there were only two explicit predictions (i and ii) mapping onto research question (b) and (c). Research questions (a) and (d) did not have clear predictions associated with them. Aligning the research questions with their corresponding predictions would help make the paper easy to follow.

Author's response: We thank the Reviewer of pointing to this important issue. The current manuscript indeed investigated whether metacognitive monitoring is domain-specific, by means of four research questions, namely:

"investigating (a) the associations between within-domain metacognitive monitoring and arithmetic and spelling; (b) whether metacognitive monitoring in one domain is associated with and/or predicted by metacognitive monitoring in the other domain; (c) whether performance in one domain is associated with and/or predicted by metacognitive monitoring in the other domain, and (d) these questions in two different age groups in primary school to fully grasp potential transitional periods in the domain-specificity of metacognitive monitoring" (manuscript page 7).

However, we have wrongly stated in the paragraph following these research questions (i.e., manuscript page 7) that predictions would be made. The statements under (i) and (ii) are not predictions in itself, but are meant to provide theoretical background or interpretation guidelines for the reader, as in these statements we describe which outcome would point to which interpretation (i.e., domain-specificity vs. domain-generality of metacognitive monitoring). We apologize for being unclear in the original manuscript. We have rephrased this paragraph (see below; manuscript page 7), removing the reference to prediction.

"If, on the one hand, metacognition is highly domain-general, then metacognitive monitoring in the arithmetic and spelling tasks will be correlated and predictive of each other, even when controlled for academic performance -- as arithmetic and spelling are highly related domains; and metacognitive monitoring in one domain will be associated with and predicts academic performance in the other domain. If, on the other hand, metacognition is highly domain-specific, then the associations described above will be non-significant (frequentist statistics) and Bayes factors will be close to zero (Bayesian statistics; see below)."

Reviewer 1, point 6

Authors predicted that metacognitive monitoring would be domain general in 8-9-year-olds and domain specific in 7-8-year-olds (page 8). Based on the introduction, it seemed that there is evidence supporting the first prediction (Geurten et al), but it is less clear why the authors believed metacognitive monitoring would be domain specific in the younger age group. Even though Vo et al provided preliminary support for the second prediction in 5- to 8-year-olds, the study was on two very different domains (numerical vs. emotion), thus it is unclear why the authors would think the same pattern of domain specificity would emerge in comparable academic domains (arithmetic vs. spelling).

Author's response: Both predictions formulated in this paragraph are explicitly based on Geurten, Meulemans, and Lemaire (2018), who predicted that starting around the age of 8 there would be a shift from domain-specific to domain-general metacognition, and who observed in their data that while metacognition is first domain-specific, a gradual development from domain-specific to domain-general metacognition occurs in children when they are between 8 and 13 years old. To investigate this proposed development from domain-specificity before the age of 8 to the gradual transition to domain-generality between the age of 8 and 13 years, we specifically selected two age groups. Namely, one group was specifically chosen just under this age-range, i.e., 7-8-year-old group. In this age-group, based on the suggestion of Geurten et al., it is predicted that children's metacognitive monitoring is domain-specific. The other age group, i.e. 8-9-year-olds, is exactly at the beginning of the age range for which, based on the predictions and results of Geurten et al. (2018), domain-generality is starting to emerge.

We specifically recruited two age-groups that only differed in one grade, such that the same arithmetic, spelling and metacognitive monitoring paradigm could be used, in order to maximize comparability between age-groups. Moreover, two highly related academic domains were chosen, to ensure a stringent empirical test of the possible limits of domain-specificity of metacognitive monitoring. Indeed, as the Reviewer suggests, it is plausible that domain-specificity in children is much harder to ascertain in related domains, in contrast to Vo, Li, Kornell, Pouget, and Cantlon (2014), who demonstrated this in very different domains, for which such specificity might on a surface level be more easily observed. However, a very stringent empirical investigation of the domain-specificity of metacognitive monitoring was exactly the aim of the current study, for which reason we specifically selected two very closely related domains. As a result, we contend that our data provide a stronger test of domain-specificity compared to previously reported work.

Reviewer 1, point 7

The authors mentioned that there were four practice trials for each of the computer tasks (page 10 line 8), but it is unclear whether there were four practice trials for addition problems and four practice trials for multiplication problems, or there was a total of four practice trials in the arithmetic computer task. Were the practice trials in block 1, block 2, or both? Were the practice trials included in the accuracy and response time measures of task performance? Similar questions need to be addressed for the spelling task.

Author's response: Thank you for highlighting this ambiguity and we apologize for being unclear about this. Following the Reviewers suggestion, we have specified for both the arithmetic (manuscript page 9-10 -- see below) and spelling (manuscript page 11 -- see below) task that four practice items were presented before each block of the arithmetic task and six practice items before each block of the spelling task. Additionally, we clarified that performance on the practice items was not included in the performance measures (manuscript page 10 for arithmetic and 11 for spelling).

Manuscript page 10 -- arithmetic task:

"Each block was preceded by four practice trials to familiarize the child with the task requirements. Performance on the practice items was not included in the performance measures."

Manuscript page 11 -- spelling task:

"Each block was preceded by six practice trials to familiarize the child with the task requirements. Performance on the practice items was not included in the performance measures."

Reviewer 1, point 8

The BF cutoffs for the alternative hypothesis (page 14) were extremely helpful in guiding interpretations of the findings. Perhaps it would be helpful to provide BF cutoffs for null hypothesis as well. Based on the BF descriptions, BF seems to be the ratio of the evidence for alternative vs. null hypotheses, so is it correct to infer that a BF value between 1/10 and 1/3 suggests moderate support for null hypothesis (because 3\<bf).

Author's response: We thank the Reviewer for the appreciation of the described Bayes Factor interpretation guidelines. The assumption made by the Reviewer is correct: a BF10 value between 1/10 and 1/3 indeed suggests moderate support for the null hypothesis. In accordance with the suggestion by the Reviewer, we have now added the interpretation guidelines for interpreting evidence in favour of the null hypothesis in the manuscript on page 14.

Manuscript page 14:

"Although Bayes factors provide a continuous measure of degree of evidence, there are some conventional approximate guidelines for interpretation (\[9\] for a classification scheme): BF10 = 1 provides no evidence either way, BF10 \> 1 anecdotal, BF10 \> 3 moderate, BF10 \> 10 strong, BF10 \> 30 very strong and BF10 \>100 decisive evidence for the alternative hypothesis; BF10 \< 1 anecdotal, BF10 \< 0.33 moderate, BF10 \< 0.10 strong, BF10 \< 0.03 very strong and BF10 \< 0.01 decisive evidence for the null hypothesis."

Reviewer 1, point 9

The authors stated that they investigated the unique role of metacognitive monitoring in academic performance in the results section (page 17). Although this seemed to be related to the research question 3: whether performance in one domain is associated with and/or predicted by metacognitive monitoring in the other domain, the statement in the result section did not suggest cross domain prediction as stated in the introduction. Furthermore, the two models including both MMarith and MMspell as predictors of arithmetic and spelling performance respectively (page 19) were not mentioned prior to the reporting of the results. It may be helpful to outline the specific models in the methods or the beginning of the results section to help guide readers' expectation.

Author's response: Thank you for highlighting this need for clarification. The statement on page 17 to which the Reviewer refers (i.e., "investigated the unique role of metacognitive monitoring in academic performance"), indeed pointed to the third research question discussed on page 7 in the manuscript. We now see that this wording might have been confusing for the reader as the points described under (b) and (c) on page 17 of the manuscript point to the same research question, namely "whether performance in one domain is associated with and/or predicted by metacognitive monitoring in the other domain". To better align the research questions described in the introduction with our results section, we have rephrased this paragraph (manuscript page 17-18). Following the Reviewers suggestion, we have made the use of cross domain prediction (as stated in the introduction on page 7) more explicit in the result section (manuscript page 17-18). To avoid further confusion, we have removed the enumerations in the result section, as they did not map the enumerations of the research questions presented in the introduction.

As the Reviewer suggested, in order to further guide the readers' attention, we specified an outline of the different models that were used in the beginning of the results section on the domain-specificity of the role of metacognition (manuscript page 17-18).

This all results in the following paragraph (manuscript page 17-18):

"To examine domain-specificity of the role of metacognition, we first investigated the association between MMarith and MMspell with correlation and regression analyses. Specifically, we investigated whether MMarith and MMspell were correlated, even when controlling for intellectual ability and academic performance in both domains. Controlling for intellectual ability and performance in both standardized academic tasks was necessary, to make sure the observed associations between MMarith and MMspell were not (entirely) driven by their shared reliance on intellectual ability or by the high correlation between both academic domains.

Secondly, we studied the role of MMspell in arithmetic performance and MMarith in spelling performance with correlation and regression analyses. In other words, cross-domain correlations between academic performance in one domain and metacognitive monitoring in the other domain were calculated. As performance in the arithmetic and spelling tasks was highly correlated, the cross-domain associations of metacognitive monitoring and academic performance might rely on the correlation between the academic tasks. Therefore, we used regression models to investigate whether metacognitive monitoring in arithmetic uniquely predicted spelling performance on top of arithmetic performance, and vice versa.

In a final step, we investigated the unique contribution of cross-domain metacognitive monitoring to performance over within-domain metacognitive monitoring using regression models including metacognitive monitoring in both domains as predictors for academic performance."

Reviewer 1, point 10

The authors utilized regressions to control for Intelligence, Dictation, and TTA when examining the association between MMarith and MMspell. I wonder why the accuracy on the two computer tasks were not controlled for in these regression models. Is it because of the high correlations between MM and accuracy on the computer tasks (rs\>.89), and the concern of collinearity in predictors? I think the high correlations between MM and accuracy raises another question on whether metacognitive monitoring is really different from performance. While I understand that the two constructs were measured differently, I wonder how much between-item variations there were on the MM questions within an individual. Because it seems that participants could take as long as they needed to choose their answer on the computer tasks, they could be highly accurate on the computer tasks (as suggested by accuracy especially for the arithmetic task), and responded "correct" on all MM questions. In this case, there were little to no variation in the MM questions so did the participants really calibrate their confidence based on their performance/knowledge or did they just blindly select "correct" on all MM questions?

Author's response: In our preregistered analyses, we indeed did not include accuracy on the custom tasks when examining the association between MMartih and MMspell. While we understand the Reviewers question regarding the inclusion of the accuracy in the custom tasks, we a priori specifically selected the standardized tasks to control for academic performance because these tasks were the most (ecologically) valid and reliable measures of academic performance more broadly construed. Importantly, these standardized tests were administered independently from the metacognitive monitoring measures, which was not the case for academic performance in the custom tasks. Additionally, based on the results of the current study and as the Reviewer suggested, the high correlation between accuracy in the custom task and metacognitive monitoring make these custom tasks less suitable for simultaneous consideration in a regression model.

Although we think that, based on the different abovementioned arguments, these analyses are not eligible to be included in the manuscript, we have examined whether or not including accuracy on the custom tasks in the regression models instead of performance on the standardized academic tasks changed the interpretation of the results. As can be seen below (Table R1), this was not the case.

 

Table R1. Regression analyses of MMarith and MMspell performance with metacognitive monitoring in the other domain and accuracy on the custom academic tasks in both domains as predictors.

MMarith

β t p BFinclusion

Intellectual ability .07 1.43 .15 .67

Custom task Arithmetic -- Accuracy .76 15.41 \<.001 \>100

Custom task Spelling -- Accuracy -.27 -2.44 .02 2.32

MMspell .41 3.63 \<.001 40.68

MMspell

β t p BFinclusion

Intellectual ability -.003 -.08 .91 0.12

Custom task Spelling -- Accuracy -.10 -1.65 .10 0.34

Custom task Arithmetic -- Accuracy .87 23.24 \<.001 \>100

MMarith .22 3.63 \<.001 41.63

Because the results of the analyses including academic achievement as measured with the standardized academic tasks and the results including academic achievement as measured with accuracy in the computerized academic tasks were the same, and because controlling for the standardized tasks is more suitable from a theoretical point of view (see arguments above), we decided to adhere to our original pre-registered analyses which include the standardized academic tasks. However, to be fully transparent in the manuscript, we added the following statement on page 18: "Additional post-hoc analyses that were not preregistered indicated that the results were the same when including academic achievement as measured with accuracy in the computerized academic tasks instead of academic achievement as measured with the standardized academic tasks."

Turning to the Reviewers concern regarding the difference between metacognitive monitoring and performance, which we understand, there are several arguments and observations that confirm that there is most certainly a difference between monitoring and performance. A first indication that these are indeed two different variables can be found in the abovementioned regression analyses, in which it is shown that metacognitive monitoring is predictive of metacognitive monitoring in the other domain, even in addition to accuracy in that task. This indicates that the metacognitive monitoring measure explains unique variance that is not accounted for by accuracy in either arithmetic or spelling.

Secondly, within the existing literature (e.g., \[10,11\], it has been consistently shown that performance on a cognitive task can be distinguished from metacognitive monitoring in that task. This was specifically found for retrospective confidence judgements (e.g., \[10,12\]), which is how metacognitive monitoring was operationalised in the current study. For example, fMRI studies comparing activity during task performance versus retrospective metacognitive judgements found important brain activation differences between task performance and metacognitive monitoring (e.g., Chua, Schacter, Rand-Giovannetti, & Sperling, 2006; Chua, Schacter, & Sperling, 2009). Lesion studies also confirm the difference between task performance and metacognitive performance by showing, for example, that patients with parietal lesions may have impairments in retrospective metacognitive performance despite little or no impairment in accompanied task performance (e.g., Berryhill, 2012; Davidson et al., 2008; Simons, Peers, Mazuz, Berryhill, & Olson, 2010).

As correctly inferred by the Reviewer, there was indeed no time limit on providing an answer in the arithmetic and spelling tasks. However, it is critical to emphasize that children were specifically instructed to answer as quickly as possible. Moreover, the participating children were all used to providing academic answers as fast and accurate as possible, due to a curricular focus on fluency. Additionally, as preregistered, items in which response time for academic answers was more than three standard deviations from the mean on both subject level and item level, were excluded from the data-analysis. Data on general task performance of children for who this task performance was more than three standard deviations from the mean of the task, were also excluded from the data-analysis, as preregistered. These preregistered exclusion criteria further ensure that items on which children took excessively long to provide an academic answer and task performance of children who in general took excessively long to provide an academic answer, were discarded.

It is indeed important to note, as the Reviewer pointed to, that while children were highly accurate on the academic tasks, there still was between-item variation in the answers to the metacognitive monitoring question. As also outlined in our Response to Reviewer 2, point 3, regardless of performance, in both the arithmetic and the spelling task, children indeed most often, but not exclusively, indicated that they thought they were correct in Grade 3 (Study 1; i.e., 93% of responses in arithmetic task, 77% in spelling task) and in Grade 2 (Study 2; i.e., 84% of responses in arithmetic task, 75% in spelling task). This result is in line with the high task performance Grade 3 (i.e., 94% accuracy in arithmetic task; 78% in spelling task) and in Grade 2 (i.e., 89% accuracy in arithmetic task; 70% in spelling task). Thus, children did indeed not just blindly select 'correct' on all metacognitive monitoring questions. This is also exemplified in the fact that average absolute metacognitive judgment (i.e., a judgment score of 3 when children indicated "Correct", a score of 2 for "I don't know" and a score of 1 for "Wrong") were higher for correct academic answers than for incorrect academic answers in Grade 3 for arithmetic (Mcorrect = 2.95, SDcorrect = 0.07; Mincorrect = 2.24, SDincorrect = 0.62; t(124) = -12.73, p \< .001, BF10 \> 100) and spelling (Mcorrect = 2.80, SDcorrect = 0.20; Mincorrect = 2.47, SDincorrect = 0.32; t(145) = , p \< .001, BF10 \> 100); and in Grade 2 for arithmetic (Mcorrect = 2.86, SDcorrect = 0.20; Mincorrect = 2.22 , SDincorrect = 0.66; t(57) = -7.48, p \< .001, BF10 \> 100) and spelling (Mcorrect = 2.76, SDcorrect = 0.21 ; Mincorrect = 2.53, SDincorrect = 0.37 ; t(75) = , p \< .001, BF10 \> 100). These results demonstrate that children indicated higher confidence in their academic answer when that answer was indeed correct, and lower confidence when that answer was incorrect. As such, these results demonstrate that children did differentiate in their metacognitive judgments between correct and incorrect academic answers.

Reviewer 1, point 11

The authors controlled for IQ, and the scores on TTA and Dictation when examining the correlation between MMarith and MMspell in 8-9-year olds, but only controlled for IQ when examining the correlation between MMarith and MMspell in 7-8-year olds. While I understand that the correlation between MMarith and MMspell in 7-8-year olds was already not significant when only controlling for IQ, it may still be helpful to be more explicit and consistent on the different analytic approaches for the two age groups.

Author's response: As the Reviewer indicated, we indeed did not control for scores on TTA and Dictation when examining the correlation between MMarith and MMspell in 7-8-year olds because this correlation was already not significant when only controlling for intellectual ability. We agree with the Reviewer that explicitly including this in the manuscript would increase transparency. Therefore, we added the following statement to the manuscript on page 25 : "Hence, further control analyses (i.e., in line with Study 1 in which the correlation between MMarith and MMspell was also controlled for performance on the TTA and Dictation) were not performed."

Although we would contend that these analyses are not eligible to be included in the manuscript, to be fully transparent, we also calculated in the 7-8-year-olds the correlation between MMarith and MMspell with the scores on TTA and Dictation additionally included as control variables. As expected, metacognitive monitoring in one domain was not correlated to metacognitive monitoring in the other domain (r = .08, p = .54), nor were they predictive of each other (see Table R2).

 

Table R2. Regression analyses of MMarith and MMspell performance with metacognitive monitoring in the other domain and standardized task performance in both domains as predictors (Grade 2).

MMarith

� t p BFinclusion

Intellectual ability .35 3.34 .001 92.61

TTA .41 4.05 \<.001 \>100

Dictation .11 1.04 .30 1.14

MMspell .07 .62 .54 0.89

MMspell

� t p BFinclusion

Intellectual ability .21 1.57 .12 1.69

Dictation .32 2.58 .01 0.55

TTA -.05 -.34 .73 7.00

MMarith .09 .62 .54 0.72

Reviewer 1, point 12

"On one hand" should precede the phrase "On the other hand". If the first hand is not present, the second hand is not really "the other hand". The authors frequently use "on the other hand" without its preceding partner, "on one hand". (e.g., page 4 line 8, page 5 line 16, page 27 line 1, page 28 line 15) Please review the paper and adjust the phrasing.

Author's response: Thank you for drawing our attention to this phrasing issue. We have carefully adjusted this in the revised manuscript, such that "on the other hand" is always preceded by "on the one hand" or other indications of contrasting statements, such as "one possibility is that ... . On the other hand, it is possible that ..." (page 21). In paragraphs where this was not the case, other linking words were used (e.g., "furthermore"). All adjustments are indicated in colour throughout the manuscript.

Reviewer 1, point 13

The sentence "Materials consisted of standardized tests, paper-and-pencil tasks, and computer tasks.... (Page 9, Materials)" seemed to suggest that there were three types of tasks, and standardized tests were different from paper and pencil tasks. However, the standardized tests seemed to be the paper-and-pencil tasks. I would suggest rephrasing the sentence to "Materials consisted of standardized written tests and custom computer tasks...."

Author's response: We fully agree with the Reviewer that this statement may confuse the reader. We have adjusted this sentence following the Reviewers suggestion (manuscript page 9): "Materials consisted of written standardized tests and computer tasks designed with Open Sesame \[17\]."

Reviewer 1, point 14

Although the authors stated that the computer tasks were arithmetic or spelling verification (page 9 line 8), the task descriptions suggested that the children were choosing the right answer (8+2 is 10 or 16) rather than verifying the answer (8+2=16, is the answer correct?). It would help avoid confusions by not characterizing them as verification tasks.

Author's response: We thank the Reviewer for pointing to this ambiguity and apologize for being unclear. The arithmetic and spelling task should indeed not be categorized as verification tasks, as within these tasks, children had to select the correct of two response alternatives. The tasks were thus multiple choice tasks in nature. We have corrected this in the materials section on page 9 (i.e., "Namely, both tasks were multiple choice tasks with specifically selected age-appropriate items") and we have removed the reference to verification tasks in the manuscript on page 9 (arithmetic task) and page 11 (spelling task).

Reviewer 1, point 15

In tables 2 and 3, some ts and ps are in uppercase. I think they should all be lowercase.

Author's response: Thank you for highlighting this issue. We apologize for this mistake and have adjusted this in the manuscript.

Responses to Reviewer 2

The reported paper has many strengths, including the use of two samples of different ages, monitoring data in multiple domains (arithmetic and spelling), and two different skills tests in each domain (one on which monitoring was also measured and one that was standardized). The analyses answer a critical question in the literature and make a novel contribution. The design is technically sound, the writing is clear, and the claims appear supported by the data.

I have several comments for the authors to consider.

Reviewer 2, point 1

First, the conclusions will be better supported if the authors provide additional potential explanations for the different results across ages. The current discussion highlights how their results are consistent with previous work. For example, they write, "we are able to confirm the theoretically assumed development of metacognition from highly domain- and situation specific to more flexible and domain-general with practice and experience." However, the current results suggest this may be tied to a fairly narrow time frame (between the ages of 7 and 9). Why does metacognition shift to being more domain-general? Why does this occur around ages 8 and 9? What kinds of practice and experience are theorized to be related to this shift? Additional insights into why this shift occurs around this age would help situate the novel empirical findings into the broader theoretical landscape of metacognition.

Author's response: We agree with the Reviewer that adding potential explanations for the different results across ages would further our understanding of the development of metacognitive monitoring, yet we contend that such explanations are not so easy to make and are at best speculative. Based on the results of the current study, driving mechanisms for this gradual development from domain-specificity to domain-generality of metacognitive monitoring cannot be determined. In the existing literature, there is a lack of research that empirically investigates this issue. The current study provides a first step towards an understanding of the domain-specificity or --generality of metacognition by focusing on a narrow age range in which this development could occur, in related and highly relevant domains for children's (academic) development. Future research should build on these results to reveal driving mechanisms behind this development towards domain-general metacognitive monitoring. Determining the developmental trajectory of whether and how metacognition generalizes across domains is crucial, not only form a theoretical perspective (i.e., as it sheds light on how metacognition develops throughout childhood and thus furthers our understanding of the functioning and cognitive architecture of metacognition), but also from a practical perspective, as determining, on the one hand, when metacognition becomes domain-general, and on the other hand, which conditions drive such a generalization, could have important influences on, for example, how metacognition is stimulated through educational practice.

As indicated below, we speculate that both cognition and education may play a role in the development from domain-specificity towards domain-generality of metacognitive monitoring. Therefore, we added the following extensive discussion on this issue in the manuscript on pages 30-31, and indicated these are essential areas for future research. We thank the Reviewer for pointing us to this possibility.

"Although the driving mechanisms for the gradual development from domain-specificity to domain-generality of metacognitive monitoring cannot be determined on the basis of the current study, it is important to reflect on why metacognition shifts to being more domain-general around the ages 8-9. The existing literature offers some theoretical possibilities, albeit speculatively, that should be investigated in future research.

The development from more domain-specificity of metacognitive monitoring towards more domain-generality in this age group is likely reflective of a gradual transition that occurs in the development of primary school children (e.g., \[18\]). In early stages of this development, children's metacognitive monitoring might still be highly dependent on the (characteristics of the) specific stimuli, while over development, through experiences of failure and success, and with practice in assessing one's performance as well as in (academic) tasks (such as arithmetic and spelling), monitoring might become more generic. These hypotheses and our results can be further interpreted within the dual-process framework of metacognition (e.g., \[19--21\]), which Geurten et al. \[7\] also used to interpret their findings. According to this dual-process framework of metacognition \[19--21\], metacognitive judgments can, on the one hand, be experience-based, i.e., based on fast and automatic inferences made from a variety of cues that reside from immediate feedback from the task and that are then heuristically used to guide decisions. As such, these metacognitive judgments are task-dependent and probably difficult to generalize across domains. On the other hand, metacognitive judgments can be information-based, i.e., based on conscious and deliberate inferences, in which various pieces of information retrieved from memory are consulted and weighted in order to reach an advised judgment. These conscious and effortful judgments are more likely to generalize to other domains. Taken together with the current results, this dual-processing model of metacognition may suggest that in second grade, children preferentially rely on automatic inferences when making judgments, while improvements of metacognitive abilities may enable children in third grade to rely more often on conscious and deliberate information-based processes.

Another explanation for the gradual shift from domain-specificity to domain-generality of metacognition could be that this development might be associated with the development in other general cognitive functions, such as working memory capacity or intellectual ability. For example, Veenman and colleagues \[22\] found that metacognitive skills develop alongside, but not entirely as part of intellectual ability. Growth in these other, general cognitive functions might enable a shift from domain-specificity to domain-generality of metacognition.

Finally, the development from domain-specificity towards domain-generality might also be driven by education, as teachers instruct children on assessing their own performance, which is at first very focussed on specific tasks. Over development, children might internalise this into a semantic network of their own abilities, which in turn might generalise to other tasks and thus become more general.

It is essential to note that none of the above-mentioned hypotheses can be empirically evaluated within the current study. The focus of the current study was on whether a development toward domain-generality in metacognitive monitoring occurs in primary school children, in related academic domains, and, secondly when this occurs. The question on how, i.e., what mechanisms lie behind this, and why this is the case at this age, are important questions for future research."

Reviewer 2, point 2

Second, I was a bit surprised that age was not featured in the analyses at all. For example, within each study, children's ages spanned a full year (e.g., ranging from 8 years, 4 months to 9 years, 4 months in Study 1). It seems reasonable to investigate whether age is correlated with the other metrics (e.g., arithmetic skills, metacognitive monitoring) and potentially control for any shared variance across them related to age. Also, an interesting aspect of the studies is that there is an overlap in children's ages across the studies, despite the children being in different grades. Specifically, it appears that some children in Study 1 and some children in Study 2 are between 8 years, 4 months and 8 years, 8 months. The authors may be able to provide additional insight into this metacognitive "shift" by potentially performing supplemental analyses on 8s vs. 9s in Study 1 and 7s vs. 8s in Study 2. I realize the authors pre-registered their analyses, which is 100% desirable and laudable, but also means any analyses with age would be considered exploratory or supplemental. I would encourage the authors to consider additional analyses with age in the models. At the very least, the authors should provide a justification in the paper for the reasons they opted not to include age in their tables and models.

Author's response: We thank the reviewer for highlighting this concern. Following the Reviewers suggestion, Pearson correlation coefficients were calculated between age and academic and metacognitive performance measures in both grades (see table R3 below). The associations between age and the other metrics were not statistically significant, and Bayes factors were all below 0.43, consequently pointing to evidence for the null hypotheses of no association between age and the variables under investigation. In line with the lack of significant correlations with age, post-hoc defined partial correlations and regression models to control for shared variance across age and the other metrics (see Tables R4-R8) indicate that including age in the analyses does not change the interpretation of the current results. However, to be fully transparent to the reader, and as the Reviewer suggested, we added the following statement on this issue in the manuscript on page 16 and 23 for Study 1 and Study 2 respectively and added these post-hoc analyses including age in appendix.

"Although not originally pre-registered, we additionally re-calculated all analyses below with chronological age as an additional control variable. Considering chronological age within grade in the analyses reported below did not change the interpretation of the results (Appendix C)." (Study 1 - manuscript page 16; Study 2 -- manuscript page 23).

It is true that there is a small overlap between the age range of Study 1 and Study 2, as the Reviewer indicated. It is, however, important to note that this overlap was only due to two children in Study 2 that were in the age range of Study 1. We therefore re-calculated all analyses with the exclusion of these two children, but excluding the children from the analyses did not change the results. It is also important to note that, while the age of these two children from Study 2 overlapped with the age of the children from Study 1, all children in Study 1 were third graders and all children in Study 2 were second graders. There was no overlap in grades between the studies.

The analyses to compare groups within each study (i.e., 8 vs 9-year-olds in Study 1; 7 vs 8-year-olds in Study 2) suggested by the Reviewer to further investigate the development from domain-specificity to domain-generality were indeed not preregistered. One possibility could be to present such analyses as exploratory, as suggested by the Reviewer. However, there are two reasons that prevented us from calculating these analyses. Firstly, dividing the samples within each study into two groups based on age (e.g., 7 vs 8 year olds in Study 2) results in very small groups (e.g., only twelve 8-year-olds in Study 2) that are not suitable for reliable statistical analyses. Also, we did a priori not specifically sample children to have an equal number of 7/8 or 8/9 year-olds in this study. Secondly, and as indicated above, age was not correlated -- with Bayes Factors indicating evidence for the null hypothesis - with performance (i.e., academic performance and metacognitive skills) in each of the studies, indicating that it is rather grade than chronological age that is determining performance. We therefore decided to not split the samples of Study 1 and 2 into specific age groups. 

Table R3. Correlation analyses of age and academic and metacognitive performance measures in both grades.

Study 1 - Grade 3 Study 2 - Grade 2

Age Age

Arithmetic performance

Custom task

Accuracy

r -.07 .15

p .44 .22

BF10 0.14 0.31

Response time

r -.09 -.09

p .28 .46

BF10 0.19 0.19

Standardized task

r .06 .18

p .46 .15

BF10 0.13 0.42

Spelling performance

Custom task

Accuracy .07 -.14

r .43 .26

p 0.15 0.28

BF10

Response time

r -.13 -.13

p .12 .29

BF10 0.36 0.25

Standardized task

r .06 .01

p .46 .94

BF10 0.14 0.15

Metacognitive Monitoring

Arithmetic

r -.14 .07

p .11 .59

BF10 0.37 0.17

Spelling

r -.01 -.13

p .87 .28

BF10 0.11 0.26

Table R4. Partial correlations of metacognitive monitoring and academic performance measures in 8-9-year-olds (Grade 3).

Arithmetic Spelling

Custom task -- Accuracya Custom task - RT b Standardized task (TTA) a Custom task - Accuracya Custom task -RT b Standardized task (dictation) a

Metacognitive Monitoring

Arithmetic

r .86 -.05 .43 .53 .11 .35

p \<.001 .53 \<.001 \<.001 .22 \<.001

BF10 \>100 0.13 \>100 \>100 0.23 \>100

Spelling

r .53 -.15 .38 .93 -.04 .71

p \<.001 .09 \<.001 \<.001 .68 \<.001

BF10 \>100 0.45 \>100 \>100 0.12 \>100

Note. All correlations are additionally controlled for age.

a Controlled for intellectual ability.

b Controlled for intellectual ability and motor speed on the keyboard.

 

Table R5. Partial correlations of metacognitive monitoring and academic performance measures in 7-8-year-olds (Grade 2).

Arithmetic Spelling

Custom task -- Accuracya Custom task - RT b Standardized task (TTA) a Custom task - Accuracya Custom task -RT b Standardized task (dictation) a

Metacognitive Monitoring

Arithmetic

r .80 .37 .46 .16 .08 .17

p \<.001 .001 \<.001 .23 .52 .18

BF10 \>100 20.31 \>100 0.32 0.20 0.38

Spelling

r .06 .11 .11 .89 -.01 .36

p .66 .42 .39 \<.001 .92 .003

BF10 0.17 0.22 0.22 \>100 0.16 11.93

Note. All correlations are additionally controlled for age.

a Controlled for intellectual ability.

b Controlled for intellectual ability and motor speed on the keyboard.

Table R6. Partial correlations of metacognitive monitoring measures.

Study 1 -- Grade 3 Study 2 -- Grade 2

Metacognitive monitoring Spelling Metacognitive monitoring Spelling

Metacognitive monitoring Arithmetic

r .41 a .17 b

p \<.001 .19

BF10 \>100 0.37

Note. a Partial correlation controlled for intellectual ability, arithmetic and spelling performance on the standardized tasks and age; b Partial correlation controlled for intellectual ability and age.

Table R7. Regression analyses of MMarith and MMspell performance with metacognitive monitoring in the other domain, standardized task performance in both domains and age as predictors (Grade 3).

MMarith

β t p BFinclusion

Age -.12 -1.77 .08 2.04

Intellectual ability .14 1.91 .06 2.12

TTA .27 3.68 \<.001 84.62

Dictation -.12 -1.18 .24 1.06

MMspell .49 4.93 \<.001 \>100

MMspell

β t p BFinclusion

Age .01 .21 .84 0.19

Intellectual ability .08 1.28 .20 0.36

Dictation .55 8.49 \<.001 \>100

TTA -.001 -.01 .99 0.19

MMarith .34 4.93 \<.001 \>100

 

Table R8. Regression analyses of arithmetic performance (i.e., arithmeticacc and TTA) and spelling performance (i.e., spellingacc and dictation) with metacognitive monitoring in the other domain, standardized task performance in the other domain and age as predictors (Grade 3).

Arithmetic

Arithmeticacc TTA

β t p BFinclusion β t p BFinclusion

Age -.04 -.52 .61 .29 .04 .48 .63 0.42

MMspell .53 4.99 \<.001 \>100 .22 1.95 .05 3.19

Dictation -.07 -.64 .53 .30 .19 1.68 .10 1.83

Spelling

Spellingacc Dictation

β t p BFinclusion β t p BFinclusion

Age .13 1.75 .08 1.24 .10 1.18 .24 1.14

MMarith .50 6.06 \<.001 \>100 .25 2.80 .006 10.16

TTA .09 1.15 .25 0.68 .23 2.63 .01 11.67

Reviewer 2, point 3

Third, I was also a bit surprised by the lack of attention to characterizing children's metacognition more broadly at these ages. The authors provide basic descriptive statistics (means, standard deviation, and range) in the supplemental materials. In general, children's metacognitive monitoring seems to be quite good, with average calibration scores around 1.4 to 1.8 (out of 2). However, additional information could help shed light on how children are performing on this task. For example, regardless of their performance, how often do children think that they are correct vs. how often do children select that they do not know? Similarly, are average calibration scores higher on correct responses or incorrect responses? When children are "uncalibrated," is it more often because they are overconfident (thinking they are correct when actually wrong) or because they are underestimating their skills (thinking they are incorrect when actually right). Do these metrics vary by discipline? These findings would not change current conclusions about domain-specificity, but would provide additional contributions by better characterizing children's metacognitive monitoring on these tasks.

Author's response:

We thank the Reviewer for the interest in the specific characterisation of the children's metacognitive monitoring performance. We have provided the requested information below. Because these analyses were not preregistered, because the results of these analyses are in line with results on metacognitive monitoring reported in the existing literature (e.g., overconfidence in children of this age, see Destan & Roebers, 2015), because these analyses do not answer any of our original research questions, and, as the Reviewer indicated, because they do not change the conclusions of the current study, these results were not discussed in detail in the manuscript. In the remainder of this response, we provide the details that the Reviewer is asking for. We contend that adding this information to the manuscript would make it unnecessarily complicated and therefore decided not to include it. However, if the editor and Reviewer think that this is absolutely critical, we are willing to reconsider this, bearing in mind that these analyses were not preregistered and should be represented as such.

The additional results are as follows. General performance on the metacognitive monitoring task was indeed, as the Reviewer indicated, quite good, although there were both inter- and intra-individual differences in performance. As also outlined in our Response to Reviewer 1, point 10, regardless of performance, in both the arithmetic and the spelling task, children most often indicated that they thought they were correct in Grade 3 (Study 1; i.e., 93% of responses in arithmetic task, 77% in spelling task) and in Grade 2 (Study 2; i.e., 84% of responses in arithmetic task, 75% in spelling task). This result is in line with the high task performance Grade 3 (i.e., 94% accuracy in arithmetic task; 78% in spelling task) and in Grade 2 (i.e., 89% accuracy in arithmetic task; 70% in spelling task). Average absolute metacognitive judgment (i.e., a judgment score of 3 when children indicated "Correct", a score of 2 for "I don't know" and a score of 1 for "Wrong") was higher for correct academic answers than for incorrect academic answers in Grade 3 for arithmetic (Mcorrect = 2.95, SDcorrect = 0.07; Mincorrect = 2.24, SDincorrect = 0.62; t(124) = -12.73, p \< .001, BF10 \> 100) and spelling (Mcorrect = 2.80, SDcorrect = 0.20; Mincorrect = 2.47, SDincorrect = 0.32; t(145) = , p \< .001, BF10 \> 100); and in Grade 2 for arithmetic (Mcorrect = 2.86, SDcorrect = 0.20; Mincorrect = 2.22 , SDincorrect = 0.66; t(57) = -7.48, p \< .001, BF10 \> 100) and spelling (Mcorrect = 2.76, SDcorrect = 0.21 ; Mincorrect = 2.53, SDincorrect = 0.37 ; t(75) = , p \< .001, BF10 \> 100). When children are "uncalibrated", it is mostly, in line with the existing literature (e.g., Destan & Roebers, 2015), because they are overconfident in both Grade 3 (i.e., 90% of uncalibrated answers in arithmetic task; 92% in spelling task) and Grade 2 (i.e., 84% of uncalibrated answers in arithmetic task; 75% in spelling task).

Reviewer 2, point 4a

Fourth, on a very minor note, I found two pieces of the method section to be a bit confusing. First, when describing the procedure, the authors write, "The participants completed all tasks in the same order in an individual session, two sessions in small groups of eight children and a group session in the classroom." I assume this means each child participated in four sessions. Is this because some tasks needed to be assessed one-on-one and other tasks did not? I think it would help to clarify which tasks were administered in which sessions and to clarify the timing of these sessions (e.g., after the individual session, how many days later was the small group session? What time of the school year were these sessions? Etc.). \[Second, (see point 4b)\].

Author's response: We thank the Reviewer for bringing this need for further clarification to our attention. Following the Reviewers suggestion, we have rephrased the procedure section (see below) to include information on which tasks were administered in the different sessions and included information on the timing of the sessions. The tasks were indeed distributed over different sessions due to practical reasons and task characteristics (i.e. some tasks needed to be administered one-on-one and others did not). By doing so, we also aimed to minimize effects of fatigue due to long testing sessions.

"All participants participated in four test sessions, which took place at their own school during regular school hours, and all completed the tasks in the same order. In the context of a larger project, all children first participated in an individual session of which the data are not included in the current manuscript. Second, a session in small groups of eight children took place, including the computerized spelling task and motor speed task; Third, a second session in small groups took place, including the computerized arithmetic task and motor speed tasks; Fourth, in a group session in the classroom the standardized arithmetic and spelling tests and the test of intellectual ability were administered. Sessions were separated by one to three days on average; they were never adjacent." (manuscript page 8-9).

Reviewer 2, point 4b

\[Fourth, on a very minor note, I found two pieces of the method section to be a bit confusing. First, (see point 4a)\] Second, the authors describe the computerized arithmetic and computerized spelling tasks as "verification" tasks. This made me assume that a single problem/word was presented and the child had to verify (click yes or no) as to whether it was correct. However, in reality, the task included two simultaneous presentations of a problem/word, one that was correct and one that was incorrect. The child had to select the correct one. This is super minor, but it might be more appropriate to call it a selection task or recognition task rather than a verification task for ease of interpretation.

Author's response: We apologize for the incorrect naming of the custom arithmetic and spelling task. The arithmetic and spelling task should indeed not be categorized as verification tasks, as within these tasks, children had to select the correct of two response alternatives. As outlined in our response to point 14 by Reviewer 1, we have corrected this in the materials section on page 9 (i.e., "Namely, both tasks were multiple choice tasks with specifically selected age-appropriate items") and we have removed the reference to verification tasks in the manuscript on page 9 (arithmetic task) and page 11 (spelling task).
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Dear Mrs. Bellon,

Thank you for submitting your revised manuscript to PLOS ONE. I have sent your paper back to the original reviewers and have now received their comments. Both are positive about this version and recommend acceptance. I agree with them.  However, the reviewers also provide some further suggestions to clarify a few points. Therefore, I would like to give you the opportunity to address these comments in a minor revision before acceptance. 

We would appreciate receiving your revised manuscript by Mar 26 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Jérôme Prado

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer \#1: I really appreciate the thorough and thoughtful responses from the authors, the additional analyses to demonstrate the robustness of findings, and the authors making the study and the findings extremely transparent! I only have three very minor comments for the authors to consider.

Introduction

A very minor thing, I noticed that "Rinne & Mazzocco \[6\]" is referenced in text but perhaps "&" should be replaced with "and" (pages 6-7). I think "&" is usually used in parentheses citations (e.g., One recent study found (Rinne & Mazzocco, 2013)....), and "and" is usually used when the citation is a part of a sentence (e.g., Rinne and Mazzocco (2013) found...)

Study 1

It seems that there were four practice items to familiarize children with the metacognitive monitoring measure in the custom computerized tasks (page 13). However, based on the description of the custom computerized spelling task (page 11), there were six practice trials proceeded the block with 60 trials that included the metacognitive monitoring measure. Are the six practice trials in the computerized spelling task different from the four practice items described in the metacognitive monitoring section? I thought the practice items described in the spelling section (second block of computer task) and in the metacognitive monitoring section would be the same but the number of trials were different so perhaps I was wrong.

S4 Supplementary Materials

General metacognitive knowledge seems to have no association with arithmetic and spelling performances at all in study 1(page 2) and study 2 (page 6). I wonder whether children scored very high on this questionnaire, and their scores restricted the range for correlations. Perhaps it would be good to report means and standard deviations of general metacognitive knowledge for both age groups.

\* The data are not yet available. The authors indicated that the data set will be available after manuscript publication.

Reviewer \#2: I am recommending acceptance as the authors have done a nice job addressing my prior concerns.

However, I just wanted to point out a minor thing. This is not necessarily a critique but hopefully a helpful suggestion to ensure novice readers don\'t get tripped up on the opening paragraph.

The authors edited the second sentence of the paper to address a prior concern. By doing so, they have inadvertently made it quite long and difficult to parse. Given that this sentence introduces the main topic, it might be worth breaking it up into several key ideas. For example, the first key idea is that \"learning from mistakes is a facet of metacognition.\" The second key idea is the definition of metacognition. And the third main point is the definitions of declarative vs. procedural metacognition. I would suggest using three brief sentences so that it\'s easier to follow. Also, I still found it a bit confusing that \"declarative\" metacognition is defined as \"the ability to assess\" cognition and metacognitive monitoring is also defined as an ability to make \"self-assessments.\" Since monitoring is a part of procedural metacognition, it\'s confusing that its definition is so similar to declarative metacognition. Because this paper does not deal with declarative metacognition, my suggestion is to cut this reference to it and just focus on the procedural aspect. \"One critical component of metacognition is procedural metacognition, which is the\...\" There are a few other long sentences in the paper that seem to contain multiple big ideas that might be worth editing. Also, throughout the paper I would suggest trying to be consistent as to whether the authors refer to the children\'s ages or grades. For the most part, the authors refer to ages, but occasionally only refer to them by grade level. Consistency is helpful.

I look forward to seeing the published version.

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0229932.r004
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Response to Reviewers - PONE-D-19-26504

Metacognition across domains: Is the association between arithmetic and metacognitive monitoring domain-specific?

Dear Editor and Reviewers,

We thank you for your careful rereading of our revised manuscript and response letter, and for your positive evaluation of our manuscript. We appreciate the time and effort that you have dedicated to reviewing our work. We have taken your comments into account in our revision. Please find below our point-by-point response to your comments and queries. To ease the identification of changes to the text in the revised manuscript, we have highlighted all changes by using coloured text.

Responses to the Editor

Editor, general point

Thank you for submitting your revised manuscript to PLOS ONE. I have sent your paper back to the original reviewers and have now received their comments. Both are positive about this version and recommend acceptance. I agree with them. However, the reviewers also provide some further suggestions to clarify a few points. Therefore, I would like to give you the opportunity to address these comments in a minor revision before acceptance.

Author's response: We thank the Editor and the Reviewers for their positive evaluation of the manuscript and their suggestions for some further clarifications. We agree that these were areas with room for improvement and have revised the manuscript in accordance with these comments. Specifically, we have rephrased longer sentences in our manuscript, splitting them into shorter, clearer sentences. We further addressed the confusion about the number of practice trials in the custom academic tasks. In the Supplementary materials section on the general metacognitive knowledge questionnaire, we added the descriptive statistics of this measure. Lastly, we have thoroughly checked the references to age and grade in the manuscript to ensure consistency. In the remainder of this response letter, we provide a point-by-point response to the points raised by the two Reviewers.

Responses to Reviewer 1

Reviewer 1, general point

I really appreciate the thorough and thoughtful responses from the authors, the additional analyses to demonstrate the robustness of findings, and the authors making the study and the findings extremely transparent! I only have three very minor comments for the authors to consider.

Author's response: We thank the Reviewer for his/her thoughtful, positive feedback on our revised manuscript and response letter.

Reviewer 1, point 1

Introduction

A very minor thing, I noticed that "Rinne & Mazzocco \[6\]" is referenced in text but perhaps "&" should be replaced with "and" (pages 6-7). I think "&" is usually used in parentheses citations (e.g., One recent study found (Rinne & Mazzocco, 2013)....), and "and" is usually used when the citation is a part of a sentence (e.g., Rinne and Mazzocco (2013) found...).

Author's response: We thank the Reviewer for highlighting this. We have changed this on pages 6-7 as indicated by the Reviewer and additionally checked the entire manuscript for sentences which had the same issue and adjusted this accordingly, i.e. on page 19 (i.e., Arithmeticacc and TTA instead of Arithmeticacc & TTA).

 

Reviewer 1, point 2

Study 1

It seems that there were four practice items to familiarize children with the metacognitive monitoring measure in the custom computerized tasks (page 13). However, based on the description of the custom computerized spelling task (page 11), there were six practice trials proceeded the block with 60 trials that included the metacognitive monitoring measure. Are the six practice trials in the computerized spelling task different from the four practice items described in the metacognitive monitoring section? I thought the practice items described in the spelling section (second block of computer task) and in the metacognitive monitoring section would be the same but the number of trials were different so perhaps I was wrong.

Author's response: We fully agree with the Reviewer that that this wording may confuse the reader. The Reviewer is correct in assuming that the practice trials described in the introductory paragraph on the metacognitive monitoring task (page 13) are the same as those described in the individual sections on the custom tasks. In the custom spelling task, there were six practice items, in the custom arithmetic task, there were four practice items. The rationale behind the number of practice items was twofold. Firstly, in both the spelling and the arithmetic task, the number of practice items reflected the number of different task components. In the spelling task, three specific spelling rules were included in the task. The practice items thus encompassed two items per rule, yielding six items. In the arithmetic task, two operations were included (i.e., addition and multiplication). The practice items thus encompassed two items per operation, yielding four items. Secondly, the spelling task was the first task in the protocol for which children had to use the computer and in which the metacognitive protocol was implemented. To make sure children were familiar with these task requirements, the number of practice items was higher than in the arithmetic custom task, which was administered later in the protocol. Hence, when this arithmetic task was administered, children already had some experience with the general task requirements.

To prevent confusion about the number of practice items, we have revised the reference to practice items in the introductory paragraph on the metacognitive monitoring task (page 13), removing the reference to the number of trials. This informs the reader that practice items were administered, and the specific number of practice items for each task is then presented under its task description.

As a result, the manuscript includes the following references to the practice items:

\- Manuscript page 13 (introductory paragraph on metacognitive monitoring task):

"To familiarize the children with the task, in each task practice items were presented."

\- Manuscript page ... (paragraph on metacognitive monitoring in the arithmetic task):

"Each block was preceded by four practice trials to familiarize the child with the task requirements."

\- Manuscript page 11 (paragraph on metacognitive monitoring in the spelling task):

"Each block was preceded by six practice trials to familiarize the child with the task requirements."

Reviewer 1, point 3

S4 Supplementary Materials

General metacognitive knowledge seems to have no association with arithmetic and spelling performances at all in study 1(page 2) and study 2 (page 6). I wonder whether children scored very high on this questionnaire, and their scores restricted the range for correlations. Perhaps it would be good to report means and standard deviations of general metacognitive knowledge for both age groups.

Author's response: We completely agree with the Reviewer that reporting means and standard deviations of the general metacognitive knowledge questionnaire would improve the transparency of the findings on this task. We have added these for both age groups in the Supplementary material (i.e., S4). This resulted in the following addition to the supplementary materials:

S4 page 1 (i.e., Results Study 1): "The mean score on the general metacognitive knowledge questionnaire was 10.70 (SD = 2.35; range \[4.00-15.00\])."

S4 page 6 (i.e., Results Study 2): "The mean score on the general metacognitive knowledge questionnaire was 6.65 (SD = 2.44; range \[1.00-11.00\])."

 

Reviewer 1, point 4

The data are not yet available. The authors indicated that the data set will be available after manuscript publication

Author's response: Indeed, we will make the data available through the Open Science Framework page of the current project after manuscript publication (<https://osf.io/ypue4/?view_only=ce9f97af0e3149c28942a43499eafd32>) .

 

Responses to Reviewer 2

Reviewer 2, point 1

I am recommending acceptance as the authors have done a nice job addressing my prior concerns. However, I just wanted to point out a minor thing. This is not necessarily a critique but hopefully a helpful suggestion to ensure novice readers don\'t get tripped up on the opening paragraph. The authors edited the second sentence of the paper to address a prior concern. By doing so, they have inadvertently made it quite long and difficult to parse. Given that this sentence introduces the main topic, it might be worth breaking it up into several key ideas. For example, the first key idea is that \"learning from mistakes is a facet of metacognition.\" The second key idea is the definition of metacognition. And the third main point is the definitions of declarative vs. procedural metacognition. I would suggest using three brief sentences so that it\'s easier to follow. Also, I still found it a bit confusing that \"declarative\" metacognition is defined as \"the ability to assess\" cognition and metacognitive monitoring is also defined as an ability to make \"self-assessments.\" Since monitoring is a part of procedural metacognition, it\'s confusing that its definition is so similar to declarative metacognition. Because this paper does not deal with declarative metacognition, my suggestion is to cut this reference to it and just focus on the procedural aspect. \"One critical component of metacognition is procedural metacognition, which is the\...\" There are a few other long sentences in the paper that seem to contain multiple big ideas that might be worth editing. Also, throughout the paper I would suggest trying to be consistent as to whether the authors refer to the children\'s ages or grades. For the most part, the authors refer to ages, but occasionally only refer to them by grade level. Consistency is helpful.

I look forward to seeing the published version.

Author's response: We thank the Reviewer for this constructive suggestion. We fully agree that due to the revision, this sentence has become quite long and difficult. We have altered the sentence as was suggested by the Reviewer, using shorter sentences instead of one long sentence (see below).

We further agree with the Reviewer that the reference to declarative metacognition is not necessary for the current manuscript, as it does not deal with declarative metacognition. As such, it might cause confusion among the readers. As the Reviewer suggested, we have removed this reference to declarative metacognition, and adapted the sentence according to the Reviewers suggestion. This resulted in the following revised sentences in the manuscript on page 3:

"Learn from your mistakes" is an old saying that (grand)parents teach their children. This goes back to the premise that making mistakes is associated with learning. Noticing your mistakes is an example of monitoring your cognition. This monitoring of cognition is a facet of metacognition, a concept first introduced by Flavell \[1\]. One critical component of metacognition is procedural metacognition. This is a self-reflecting, higher-order cognitive process, which indicates how people monitor and control their cognition during ongoing cognitive processes \[2,3\]. Metacognitive monitoring is an important aspect of procedural metacognition and is defined as the subjective self-assessment of how well a cognitive task will be/is/has been performed \[3,4\]."

In addition to having revised the wording of the sentences pointed to by the Reviewer in the introduction, we have checked the entire manuscript for sentences that may be unnecessary long and/or containing multiple big ideas. We have adjusted the wording of these sentences to shorten them, without altering the content/message in them.

Lastly, we have checked the entire manuscript to ensure consistency in the reference to age and grade. Throughout the manuscript, we consistently used age, with additional reference (e.g., within brackets) to grade to make the distinction between the two samples as clear as possible. The reference to grade was maintained within the manuscript, because the educational grade of the children was important for the current findings, which indicated differences in results between grades, yet no association with chronological age. When specifically focussing on age within grade, we have used the term "chronological age within grade" to limit possible confusion among the readers.
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Dear Dr. Bellon,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Jérôme Prado

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

I noticed that the second sentence in the Introduction was duplicated. You may want to correct that before formal acceptance. 
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Dear Dr. Bellon:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Jérôme Prado

Academic Editor

PLOS ONE
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